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THE EARTH IN PAST AGES. 



W3AT IS GEt)ICifYl' 

Geology is the history of the earth and of the vari- 
)Ua kinds of plants and races of animals that have 
fivcd upon it. This history is not written in books^ 
there were no human beings living to write them — 
but it is recorded upon the rocks in various ways. 
In places sand rippled by the tide has been covered 
over and preserved till it has haitlened into stone. 
Xhia is just as jjlain a story of some far-off day when 
^ eandy beach lay along the sea and the incoming 
ivater threw it into ridges, such as you may see upon 
our sea-coast to-day, as if some one had seen it and 
ffritten down a description of what he saw. In 
i)ther places a piece of sandstone is pitted with holes 
nade by a pelting rain. It does not need any written 

'ord to tell us when we fiad such. a^iSJi. o't'ccid^'^E^ 
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there were raiti-storms in those dav«. Here rocks are 
tilted up and-B/oken, showing some great force under- 
neath ; and there they are rounded and i^orn, showing 
the action^of waiter or ice. In the midst of a mass of 
rock laid open by the blow of a hafnmer we find deli- 
cate sea-weed^V^rtJi every markijig on ihe leaves as 
plain as if theytud been pressed r'-or we may find in 
such a layer dfcVocU laid open an exquisite shell or 
starfish. What need do we ha\^e of words to tell us 
that when that rock was only a sandy sea-bottom 
tliese plants and animals had sunk in the water, were 
covered over by new settlings of sand, and so pre- 
served as you might preserve a shell in plaster of 
Paris, and that the sand had afterwards turned into 
sandstone ? 

There is this one thing that the world has learned 
very slowly to do, and that is to look honestly at nat- 
ure to see what is there, and then to use their com- 
mon-sense in finding out the true meaning of what is 
seen. 

In the land of Egypt, for thousands of years, there 
have been lying, half buried in the sand, curious rocks, 
and temples covered aU over with markings that no 
one could read. Tall monoliths, with strange charaq- 
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1 ters carved \iyion tliem, pierced the Line and rainless 

I sir, offering their riddle to be guessed, but no one was 

[ able to read it. If you ever go to the Centnil Park in 

I New York, you will see one of these monolitlis, called 

I Cleopatra's Needle, that stood for thousan<ls of years 

I'l Egypt unread. Less than a hundred years ago a 

' 'J^nchman named ChaniiKtllion made a study of these 

, 8igna. lie worked long over them, and by the aid of 

^ faraons stone called the Eosetta Stone, which bad 

"pon it an inscription in three different languages, he 

iiiScoveretl the clew to the signs en the stones, and at 

list could read them ; and from what he found there 

''G was able to write a history of the past in Egypt in 

^ language that can easily be read. 

In the same way these other strange writings upon 
^Qe rocks, the shells and leaves and bones, left there 
"^y a life long passed away, had been noticed and 
t-liought queer, but had never been interpreted. Ovid, 
^ Homan poet who lived in the days of Christ, tells 
^s that he had seen sheila on the mountain-tops, and 
'^ad made by the action of the sea. The first person 

k'vlio ever gave to the world a true explanation of these 
things was the great jiainter Leonardo da Vinci, lie 
lived four hundredyears ago^and you have ^robahls 
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seen some engravings from his celebrated paintings ^^^ 
"The Last Supper" and "Mona Lisa." A hundre*^^ 
yeara later another artist, Bernard Palissy, pubHshe^^-^ 
a book in which he said that the " figured stones," a^^^ 
he called them, were the remains of beings that had-^E 
once been alive and had been preserved in the sea- — 
bottom. It is rather curious that these two men were ^ 
not men of science. They were artists, who had -^ 
trained their eyes to see and their miniJs to think ^^ 
about what they saw. For two centuries after this ■* 
clew was offered them, the so-called men of science — 
went groping about in the darkness, making foolish -* 
guesses and still more foolish arguments. 

Other people since the days of Ovid have found sea- -^ 
shells upon the tops of mountains, and have explained 
their presence in various ways. For a long time the 
Deluge was made to account for anything out of 
place in creation. When the shells and s 
and animal skeletons were buried under hundreds of 
feet of rock, the Deluge was given up, and other ii 
were adopted. 

In Greece, elephants' bones were supposed to be the 
bones of their old heroes ; and Ajax, one of the ytdx- , 
riors whom Homer tells about, was calculated, faaan 
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"ifoaail knee-bone, to have been twenty feet bjgh. The 
«arly history of all nations is fall of stories of drag- 
ons and giants and terrible monsters. These stories 
probably rose from the finding of immense or curious 
bones unlike those of any animal living at the time. 

After these stories and legends came to be doubted, 
the bones still were there to be accounted for. Some 
writers called them " freaks of nature." One brought 
forward a very queer idea ; he said tliat before God 
created the animals, he made a great many models 

i stored them in the earth (as models of machines ai-e 
stored in the Patent Office at Washington). Among 
! models are as many "failures" as among the 
patents, apparently, for tliey were never followed by 
:£ving animals. Of tlie shells found far away from 
iHrater, it was said, as late as a century ago, that tliey 
'had been bronght from Ilome or the Holy Land by 
ipQgrims, and dropped far inland or on the tops of 
mountain-peaks. 

But the world was not to be hoodwinked forever 
by such foolish suppositions. As the facts became 
imore and more in number, the common-sense view of 
ihe subject grew, and this nonsense became less be- 
Hered. It was quite two hundred years after Leo- 
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oardo had explained the meaning of fossils before th* 
world generally accepted his explanations and leamed< 
to read the riddle of the earth aright. 

Geology is not an old science. It is scarcely one 
hundred years old to-day. And some things are still 
unsettled and others unknown ; but there are many 
things which are perfectly fixed and known, ami 
about the rest we are learning every day. 

What I want you especially to bear in mind is, thaH 
the causes which in the past have built up the crusit 
of the earth, and have formed its continents and i^ 
ands, systems of lakes and systems of mountain^ 
are the very same tliat are working like changei 
now. Apart from the work of man, they are thiQ 
same, though less violent, as time goes on. If ya( 
use your eyes, you can often see yourself these causes 
at work — the gradual washing away of land by the 
action of water, the crumbling of rock by the actioit 
of ice ; and in parts of the world new islands havie 
been thrown up by volcanoes, and new land form( 
at river-mouths. These you may not see, but t] 
are going on now, and you may read the acconnj 
written by people who have seen them. 

In order that you may understand geology, I 
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iiDg to try to show you the things that are happen- 

|g liow by means of the same forces that fashioned 
Le OTust of the earth, for a great distance down, in 

iiepaat. The forces that raised up our continents 
of the depths of the sea, that built our mountain- 
chains, hollowed out the beds of our lakes, ploughed 
the channels of our rivers, and built up layer upon 
layer our solid beds of i-ock, and then wore them down 
into powdered rock or earth on which the plants and 

' trees can grow and animal creation live — these forces 
Jn geologic times were what they are now, stronger 
and fiercer in the new-born earth, ^rerhaps, but the 

isame. And as we go along studying our present 
earth and its changes, we will look back to the past, 
Md try to interpret the unknown by the known. 




CHAPTER n. 

THE CLEW FOUND Ilf THE ROCKS. 

More than sixty years ago there lived in a fisl 
town on the north-eastern coast of Scotland a boj 
who afterwards became a very famous man. WhOTl 
he was only five years old, his father, who was ft 
sailor, was lost at sea. His mother, thoiigh very pooi^ 
managed to send little Hugh to school, and there bjj 
learned a good deal from books ; but if he had learned 
no more than to read and to write, he would probas 
biy have still been a great man, for in the mean time 
he had found something else worth more to him thad 
many books. He had learned to read another lao^ 
guage. He had found out that he hatl two eyes, and 
how to use them. The rocks about the Firth of Cptf 
marty were waiting for just such a pair of eyes to! 
read their open secrets. Thousands of boys ba^ 
played about those rocks, and thousands of men had 
fished and spread their nets and loitered there, bat Q^ 
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one of tliem all had read the writing on the stones till 
Hugh Miller came. 

The boy used to go down to the beach with his 
uncle Sandy when the tide was low, and look at 
the ripples left in the sand by the water. He 
would gather shells, half buried in the sand, and sea- 
weed lying upon it. His uncle had eyes that saw, 
too — it seemed to run in the family — and he helped 
little Hugh to see the wonderful life of the sea-shore, 
fUnd to think about what he saw. These lessons, 
far more than anything he had read in books, helped 
him in after-life, though he was a great reader of 
books too. 

"When Hugh grew to be a tall, lanky boy he chose 
his work in hfe ; he chose to be a mason. Hia work 
lay in a quarry near Cromarty, close by hia beloved 
sea. One day, as the men were lifting up the great 
slabs of sandstone, Hugh saw some markings on the 
piece of rock laid bare. These were the old familiar 
ripple-marks in the solid stone — ^Just such marlis as 
he had often seen on the sandy beach {Fig. 1). He 
■did not say, " How stmnge 1" and then forget all 
lUt it. He began -to think, and ask himself a^eit 
OoaJfi it be that this waa an. o\^ (ae»r\)«%)^'V j 
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How could it be, under those tons and tons of solid 
rock? The auawer came to his questions after a 
while. 

Strewn along the water's edge, washed up by the 
waves, were curious roundish pieces of limestone rock,, 
One day, hammer in 
hand, Hugh strolled 
along the beach. H'4 
struck one of th» 
lum[)a, and it b] 
open, showing erai 
ded in part of the sti 
a creamy-white 
beautifully carved, an* 
showing tints of color 
like the pearly lining 
of many of our shells. 
Another and another 
of these stones were 
broken open (Fig, 2), In some of them he found 
scales of fish ; in others, fern-leaves (Fig. 3) ; in otljers, 
again, bits of decayed wood — all in solid stone. 

Now he could answer his questions. These things' 
had once been alive. He had spelled out one woriP 
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■om the tables of stone written upon by the finger of 
1 himself. He hail found the clew in the rocks, 
6 never rested until he litid followed up this clew, 
[ found, by examining the rocks themselves, and 
reading about what other men had discovered, 
r tiie earth as it is had oome into bemg. 
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If you have never carefully loolied at the rocks of 
a railway-cutting as your car went tlirough it, be sure 
that you do so the very first chance that you have. 
You will probably see that 
the rocks are in layers. 
Sometimes these lie level 
with the ground; some- 
times they are very muoh 
bent or tilted (Fig. 4). 

To understand how tbese. 
came to be so, we must 
B^ si^FEaN-LSAr iH Stone. understand some things 
which are very simple, bat 
yet they are things that we would not naturally think 
of. What we call eartli,, or soU, is only rock finely: 
powdered, mixed up with some of the dust from the 
dried parts of dead plants and animals. Earth is tOi 
rock about what the pulverized sugar you sprinklq 
over your berries is to the block-sugar your mothra 
drops into your tea. 

The surface of the earth was once rock which htul 
no layers in it, like granite. Part of the round globf 
was covered with water, and a little of it was dq 
land. The beating of this old ocean's waves, the i 
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the air, all helped to grind the rock to powder, ant 
with it rauddy the sea-water. Take a tumbler of wa 
ter, and into it drop a teaspoonful of finely grount 
earth. Your muddy water ia something like the sea 
water was then. Now watch, and you will see wha 




happened. The fine-powdered rock settled in the hot 
tom of the soa-bed as the earth settles in your turn 
bier, and the first layer was made. Layer after laye 
wag formed in this way. After a while " the spiri 
of God moved ui>on tlio face of the waters." A fee 
ble life stirred in the bottom of the sea. Some ver^ 
simple animals lived there, and we can find the oori 
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ous shells in which they lived in those deep-down 
rocks. We know that plants must have come first, 
because plants are the only fairies that can turn rock 
and earth and water into the food that all animals 
need to feed upon ; but the soft, delicate searweed had 
died and left no sign. The eai'ly animals, however, 
had hard, glassy shells, and when they died these 
shells sank to the bottom of the sea, and the next 
layer of powdered rock settled over them and pre- 
served them — some of them until noi. . 

Tou can see how this would be, and that when we 
lay open the rocks, as Hugh Miller did with his ham- 
mer, we might find the shells. Here is a drawing of 
a bit of such earth that waa turned into stone, with 
its corals and shell lying thick in the layer, which is 
half broken away (Fig. 5). This was picked up just 
below my house, on the shores of Newark Bay. 

The work went on through thousands of years, the 
sea laying one upon another these wonderful beds of 
rock of ditferent kinds. All this was not an adding 
to what already existed, but only a new arrangement, 
with some change in the character of the old materi* 
als already there. How this great earth came to be 
18 one of the secret things of God. The Bible beginj 
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with, "In the beginning God createtl the heavens and 
the earth." That is all we know, A guess here and 
there has been made as to how it was done, bat no 
one knows, and no one probably ever will know. 



Fig. E.— Shells lv Bboeen Bock. 

But we can tell the way the crust of layers was pnt 
■on, because we can watch the same things going on 
I wluch went oa thousands and thousands of years . 
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ago. At tlie bottoms of shallow seas and lakes, at the 
moutha of rirers, in the coral islands of the Pacific, 
the earth is still a-building. 

About a hundred years ago men began to be inter- 
ested in these strange things found in the stones. 
Tliey hunted up pieces of such stone, and wrote out 
all they could find about it. Tboy arranged the facts, 
and called the new science geology, or the science of 
the earth. 

It is very easy to see that if the seas bad stayed all 
the while in the same place, with no disturbance going 
on, that the layers would have settled one on top of 
the other, according to age, the oldest being the low- 
est, and so on up. But you iimst remember that the 
earth was then, as it is now, part dry land ajid part 
water, though there was much less land in proportion 
then than there is now. Tt was only und^r water ihaX, 
the layers were formed. But there were other things, 
at work besides this gentle wearing away of the rocks. 
and building up of the sea-bottoms. 

Long ago people believed that under the volcano of!' 
jEtna, on the island of Sicily, a giant was impriBODed,f 
and that the trembling and cracking of the earth be- 
fore an eruption were his struggles to get free. Thi 
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had a meaning in fact, though it was only a fablo. Un- 
der the whole earth the giant fire has been imjjrisoned. 
When the crust of the earth was tliinner than it is 
now, the giant's struggles cracked and bent it ; some- 
times the bottom of the sea would be suddenly hfted 
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up, and the dry land would sink and be covered with 
'. the waters of the ocean (Fig. C), On the left side of 
I the picture are the level layers of rock, broken up so 
I that they look like a stone wall. After a while we 
I will see just why these are so broken. On the right- 
Lband side you see tbe layers are lifted up by the cu- 
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rious, curly-looking rock which boiled up out of the 
earth beneath as lava comes out of a volcano. Which-, 
ever part of the earth happened to be under the water' 
would be covered up with layers of mud, and in them 
plants and shells, hsh and animals, would be buried, 
and their hard parts preserved. The other part, the 
dry land, would not be very much changed ; the plants ■ 
and animals there would die, and mostly be blown 
away as dust. 

This history of the earth written upon the rocks, 
you can see, is not a very easy history to read. Its 
leaves were all scattered and torn and twisted, and 
the writing on them often rubbed out, and many of 
them lost. It had to be gone over again and again, 
in many different places and by many different men, 
before these stone leaves could be put together in the 
right order. 

If these layers, or strata, as they are called, had re- 
mained just as they were placed, there would have 
been no way to reach them but to dig down to them, 
for twenty miles in some places, and that would hava 
been impossible: nobody has ever been down, in the 
deepest mine, more than a mile. But the movementa. 
of the earth's surface, caused by the struggling fic^ 
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underneath, would tilt and break through the layers, 
and so the broken edges would be on the surface (Fig. 
6), and the geologist could in places study the very 
bottom layers without digging down to them. 



CHAPTER III 

WATHli. 

Geology has nothing to tell us about how the great 
mass of the earth was first created. There have 
been many guesses, but they have never been proved 
to be correct ones. What we hope to find out by 
studying geology is how the surface of our earth 
came to be as it now is, with its sesis and conti- 
nents, mountains and lakes, rocky peaks and sandy 
deserts. This was the work of the same forces still 
busy in changing the face of the earth — the air 
above, the water on the surface, and the fires under 
the earth. So we will only go back to the time when 
the earth was a rocky globe, intensely hot inside, and 
covered with a universal sea, when the earth, as it 
moved round tlie sun, mtglit be compared to a mighty 
drop of dew moving round a globe of glowing firei 
We must get rid of all our notions of the world as it 
is now in order to go back in imagination to that 






time. The earth was not beautiful then, the land was 
not adurned with trees a.nd grass and lovely flowers, 
the air was not full of humming insects or swift-flying 
Tiircia, nor the waters of darting fish and delicate float- 
ing sea-weed. It was a desolate waste of waters, a 
shorel^s sea, whose tides, instead of rising and falling 
and breaking npon some sandy beach, followed the 
moon, sweeping unbrokenly around the globe. There 
I were no blue skies overarching the wide waters, no 
I fleecy clouds turning to gold in the sunsets. A heavy 
1 mass of leatlen clouds covered the sky, and poured 
I down into the hot seas hot rain-water day and night. 
The only things in the world then were rocks and 
iTvater, lire and air. But as the earth cooled, these 
aorces, the moving water, the flre and the air, went to 
■Work and began building the continents and islands, 
aid dividing up the waters into seaa and rivers and 

First came the fire and lifted up part of the earth's 
■nst in its struggles ; another part of the crust would 
a down, and into these low valleys the waters would 
jct, leaving the high, bare rocks standing up out 
f the sea. In this same way many islands and conti- 
i ftFose out of the sea. Next came the turn of the 
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air in the work of world-building. The air around 
the earth then, was like the air now, only that it had; 
a great deal more moisture in it, and the gas that' 
comes from burning — called carbonic acid gas — than 
our air has. Such air as this has a very peculiar effect 
upon some sorts of rock ; it slowly dissolves them j 
the waves of the sea, or the rivers pouring over the. 
rocks, soon carry this dissolved rock, or earth, as it 
really is, away, and finally it settles in the ocean, 
forming layers of soil, which after a while become 
sohd rock again. Then again these layers are uplift-, 
eti, and again they become rotted partly away, ear- 
ried off, and depositetl. This is not mere guess-work. 
The worhl is not done yet ; it is still a-making ; just 
the very same things are hai)pemng now in various 
parts of the world as went on of old. 

Islands have suddenly risen out of the sea, and mea 
have seen them. At the mouths of great rivers and 
in the bottoms of ponds land is forming all the whQe. 
In some places, on the dry land, rock where it stands 
is rotted into earth, and gradually washed away by 
the rain ; and where the weather is cold enough to 
freeze, this work goes on faster still. When you have 
an opportunity to examine a piece of brown stont 
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used so luucli to build houses of, or as facings to bricl 
houses, look carefully at it. Yon will be apt to fim 
that there are on tlie surface loose flakes wliich yoi 
can rub away with your finger. Brown stone is ful 
of little cracks and crevices and openings — the wate 
Boaks into these,. and when it freezes it pries off th 
I piece of stone above it; the ice, taking more roor 
t tiian the water, acts as a wedge. When the eartl 
became cool enough to permit the rain to freeze, th^ 
rocks were in this way more quickly reduced to earth 
Just the same things went on in those days that g< 
on now, only they were more violent. The cool crua 
of the earth was thinner ; the inner fire, therefore 
oftener succeeded in breaking its way out ; the eartl 
was more shaken ; its crust was more torn and crum 
pled. There were, of course, more earthquakes, i 
larger number of volcanoes, and greater quantities o 
rain fell into wider seas. 

See the picture of the Rocks at Brough. TheS' 
cliffs have been slowly deposited in layers, and thei 
lifted np by the Are, tilted as you see, as they wer 
raised, and then again they have been worn awa; 
by the waters. In one place an archway has beei 
r tjnade dii'ectly through them. 
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When the layered roct is lifted up, it is of course 
very much strained and cracked ; the water gets into 
these cracks, ani.1 so does its work much faster. The 
Clett (Fig. 8) is a single pillar of layered rock stand- 
ing up in tlie sea. The layers in this rock corresjwnd 
exactly to those on the chll near by, showing that it 
was once part of a great cliff reaching out into the 

Water does some very wonderful things when it I 

falls over a precipice, and so makes a cataract. At I 

Niagara the waters of the great lakes on their way | 

to the sea fall over a high precipice of rock. This | 

precipice is matle of very liard rock on tlie top, while I 

the layers underneath are much softer. The boiUiig j 

of the waters, after tumbling over the high cliff, grad- 1 
ually wears away the softer rock below, then the 

upper layers stand out like a shelf, and over this the \ 

water falls. The rush and strain finally crack off the i 

projecting shelf, and it breaks and falls ; then again ' 

the softer rock is hollowed out ; another shelf forms ! 
and is broken away. In this way the water-fall has 
worketi its way backward for seven miles, as the rocks 
on each side of Niagara River show. 

Great rivers like the Mississippi wash up earth 
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where they flow swiftly from high land to low land; 
when they come to a more level country they " slow 
up," and begin to drop the earth. Anything which 
makes the current run slower causes this sort of a de- 
posit. Where two currents meet, as where the Ohio 
flows into the Mississippi, the two jostling together 
hinder each other, and in the contest earth is dropped, 
and a sand-bar is formed, making the river very shal- 
low there. No matter how many times such a bar is 
removed, it comes again. Where the Mississippi emp- 
ties into the Gulf the current spreatls out, and so slows 
very much, and a great deal of earth is dropped. The 
jetties made by Captain Eads, of whicli you have 
probably heard, aro banks built into the Gulf to carry 
the rivor currents swiftly out into the deep water, 
and there allow the earth to be dropped where it will 
not make the channel too shallow for ships to pass 
through easily. 

Some rivers in India have built up their beds by 
dropping earth in this way all along through the low 
plains, until the bottom of the river's betl is higher 
than the country around. When tJie river overflows 
its banks, the fields beyond the high bed are flooded. 
Then, when the river sinks again, the waAen gaasaA. 
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get back into the channel, and it lies on the fields and 
kills the crop. 

Certain kinds of rocks are more easily dissolved b* 
water and carbonic acid than others. When laye: 
of different kinds of rock are exposed to the air, they 
crumble away very unevenly, and so make curious 
shaped rocks, sometimes standing up like monuments 
in the sea or on land. 

In rocks which are not dissolved in this way th«) 
water sinks into the cracks and flows avva}', doin^ 
very little work; but in limestone rocks, which the 
water does dissolve, the crack is washed larger an( 
larger, till a cave is hollowed out in the solid stone 
down under the sui-face of the groiind. The water 
goes on trickling and dripping from tJie roofs of these 
caves, and decorates them just as the freezing water 
in winter decorates the edge of your portico roof with' 
icicles. I am sure you have often watched icicles fornu. 
As the rain fell from the roof, drip, drip, drip, each 
little drop left a little bit of itself behind frozen, and 
BO an icicle gradually grew from these many drops. 

But perhaps you wore too busy looking at tlie sky 

to see if it were going to clear, to notice what hap- 

pened aaderneath the icicle on. the portico steps 
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the ground. There each drop left a little of itself 
again before running away, and a heap of ice waa 
formed. Now, in the limestone caves just this sort of 
thing happens. The water, instead of leaving a little 
of itself /Vo^ew behind, leaves a little of the limestone 
that was dissolved in it behind, and great stone icicles 
are formed, which never melt. These are called sta- 
lactites, and below them the mounds of stone grow 
up, often far finer than the stalactites. The stalactite 
from above and the heap, or stalagmite, below often 
meet, and so form a pillar from floor to roof. Some 
of the best examples of these formations are found in 
the Luray Caves, Virginia (Fig. 9). 

These limestone caves are sometimes so near the 
surface of the ground that the roof gives way, broken 
in by the roots of a tree, and down goes the hving 
tree into a great hole in the earth. These are very 
common in the hmestone section of Kentucky, and go 
by the name of sink-holes. In the Western country 
some of the rivers rush into such openings, and run 
underground for mOes through cavern after cavern ; 
these are called lost rivers ; but far away, perhaps, the 
same river comes to light again, though it is not always 
reoognized as the same. 




otj remember tliat besides the water and the air 
that bel])e(l to fashion our iKsautiful earth out of the 
globe of rock covered by a heated ocean which existed 
in the past, another force has been mentioned — fire. 
Fire is still working day and night in changing the 
world, but it is mostly underground. 

Air and water are as much levellers as they are 
builders. If only these two forces had been at work, 
the mountains would graxiually have been brought 
low, and the valleys exalted, till finally every rock 
and island would have been worn down and buried 
in the depths of the sea. The world would have re- 
turned to the condition it had been in thousands of 
years before, only it would have become cooler. 

But the internal fires were there to u|>set all this 
gradual change. They were never at rest. Again 
and again the sea-bottom was lifted up and became 
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dry land, and the waters gathered together in new 
hollows- 
Miners who go dov^Ti into the eai-th for coal and 
iron find, after a certain distance, that it grows stead- 
ily warmer and wanner as they descend. If the heat 
of the earth goes on increasing at this rate, at thirty 
miles below the surface of the earth the heat would 
be so intense as to melt even iron op stone. Aa a 
matter of fact, things melt a great deal more 
when they are open to the air thaa when they are 
under pressure. Down deep in the earth the pressure 
of the rocks above is tremendous, and this gets heavier 
the deeper it is. So there is a battle between the heat 
and the pressure down deep in the earth, and whether 
the rocks there are melted or solid depends on which 
is the stronger. Some jjeople think that all but a thin 
shell over the outside of the world is red-hot liquid ; 
others think it is hot enough to be liquid, but that the 
pressure keeps it solid. Ilowever this may be, when- 
ever, frem any cause, the pressure is sufficiently hght- 
ened, the melted stone and cinders and steam come 
rushing out. Volcanoes are the chimneys by which 
they escape. 
Ihfl cool cruet o f the earth is a great daal thamasg 
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in proportion to the rest of the globe than an egg. 
shell is to the egg. In old geologic times the shell 
was thinner even than it is now. The fires then work- 
ed wonderful changes, the same in kind as they are 
working now, but much greater. The earth's crust — 
made of many layers of ditferent kinds deposited by 
the water — was crumpled and torn and twisted in a 
most remarkable way. 

The struggles of the internal fires often produce a 
sound and shaking — an earthquake. Suppose you 
were to lower a can of gunpowder (sealed up tight, 
and so arranged that it woidd go off in half an hour) 
into a pond. When the jwwder took fii-e it would 
explode, and as soon as the commotion reached the 
top of the water a wave would spread out from the 
point above the explosion. An earthquake is such an 
explosion, only it is underground ; the earth is thrown 
into waves, but instead of rocking and moving off as 
the water does, the ground, being solid, is torn and 
broken, and if the shock is severe, houses are thrown 
down and people destroyed. Sometimes things are 
thrown straight up into the air by an earthquake 
shock; at other times they are shaken backward and 
iorivard till they fall in ruins. The movement of the 
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earth dui'iiig a shock is at times a curious, twisting 
motion, which has been linowii to tarn pieces of fur- 
niture around so that their faces were to the wall. 
Rows of trees have been found all t^visted out of line, 
though still growing, after such a shock. We are apt 
to think of earthquakes as being very rare, and so 
they are with us; but in hot countries they are so 
common that it is probable 
that some part of the earth is 
quaking all the time. 

Sometimes, when the shock 
is not very severe, the earth 
cracks underneatli, but the 
cracks do not quite come 
through. The molted stone 
then pours up and Alls the 
cracks (Fig. 10), and hardens 
there. The intense heat of 
the melteti stone often 
which it flows. Limestone, which is a rather soft 
stone made up largely of shells, is turned into mar- 
ble in this way. Marble, then, is merely "cooked" 
limestone. 

In Fig. 11 70U see a cutthroug'liB.'^aAol'Oa&'MKtfO^l 
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surface. At first, underneath all, was the meltedJ 
stone ; over this formed the layered rocks. Then thel 
melted stone rose up, lifting the layers S S as it rose. I 




THE EaRTU S CrI ST 



As time went on, the air and water washed the layers .1 
from the top of the mountain, leaving it bare (A). J 
After a while an earthquake cracked the earth, and I 
more melted rock poured up At E the cracks only 1 
reached part of the way up, and the lava, after rising \ 
to the top .of the crack, spread out between two layers. 
At C it reached the top and flowed over the ground, I 
making a solid slab of volcanic rock on top of the \ 
layered rock. At E the lava came out with such a ! 
rush that it built up a little volcano there. 

Very often, when one stone is melted in this way, 
the crystals of another kind of mineral are enclosed i 
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in it (Fig. 12). Here is anotlier cnrions stone niadt 
by the Are. The lava cooled full of bubbles, and wit! 
these holes another mineral collected and hardened 
as plaster of Paria iills a mould into which it is poured 




The moulds were made by fire, though it was a dis 
solved and not a melted mineral which filled then: 
(¥ig. 13). 

A volcano, you know, is a mountain that sends oul 
burning gases and lava and cinders. It is usually i 
high peak with a cup-like depression in the top, callec 
9. crater. The volcanoes of the world are found al 
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most always near the sea, and nearly three-quarters 
of them are situated upon islands. 

If you bave a globe — or if you have not, a map of 
the world — put your finger on Terra del Fuego (the 
land of fire), at the very southern part of South Amer- 
ica, then run it along the western coast of the two 
continents — the Andes and the Rocky Mountains being- 
your guide — till you get to Alaska, where Asia and 
America almost touch ; pass over to the Aleutian Isl- 
ands and down by way of islands across the Indiaa 
and Pacific oceans back to Terra del Fuego again. 




Tour finger will have passed over most of the large 
volcanoes in the world. It is as if the earth's crust 
were cracked all around in this irregular line, that the 
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moiintam-ciiains were the raised edges of this crack, 
and that the crack gave way every now and then, 
and through the broken places melted atone and gas 
and flames ruahed ont. 

Some of the grandest volcanoea in the world are in 
the Pacific islanda. One of the Sandwich Islands is 
nothing but an immense volcano with three cratera. 
The island haa been built up by the outpouring of 
lava, which griulually lifted it, craters and all, out of 
the sea. One of these craters, Mount Kilauea, is an 
'immense wide pit, large enough to hold a city. The 
rocky plain at the bottom of the pit, when there is an 
eruption, breaks up and fills with lava. It is a won- 
derful sight to see these great lakes of red-hot melted 
atone boiling and bubbling like a great pot of boiling 
water, and the retl-hot waves tieating against the rocky 
shore, and spurting fountains of fire rising up here 
and there. In one eruption the weight of the lava 
was so great tliat it broke through tlie side of the 
crater, and ran down a river of living fire to the sea. 
When it met the -^vater, great clouds of hissing steam 
epouted up, canying the cooled and shattered lava 
with it. 

The lava in Kilauea is often \vVe c\eax ^a&^^^^^, 
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when the bubbles burst in the boiling lake it is draw 
out into fine spun glass, which the wind colleota \ 
sheltered s]K)ts. The Sandwich Islanders used to c 
it Pele's hair, because they believed their goddess Pe 
lived under the crater, and caused its eruptions. Afti 
I wrote these words a curious thing happened to 1 
lauea : tite bottom tumbled out of the crater, and i}. 
boiling, fiery lakes and fountains suddenly suiik i 
and left it a great dark abyss. 

In the sea near the coast of Greece, more than t^ 
thousand years ago, the crater of a great volcano W 
lifted out of the water. It made a sort of horaesbt 
island, part of the rim having been broken 
This island is called Santorin. In the curve of t 
bay enclosed by the horseshoe several volcanoes hsA 
burst up since, and are still sending 
vapor. The water around them is hot, and is coloM 
orange by the iron and other things throivn out t 
the volcanoes. 

The volcanoes in Europe, such as ^Etna and Vestt 
vius, are different from Kilauea. Before an emptif^ 
loud noises are heard, an earthquake shakes thfl 
ground, and then comes a sudden outpouring of la^^ 
and cinders and smoke. In one of these eruptions^ 
•% 
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^soon after the time of Christ, two cities were buried 
by an overflow, one of mud and tbe other of cinders. 
A little more than a hundred years ago. in digging a 
well in a town that had growT\ up over the old one, 
the city was discovered. Imagine what a wonderful 
thing it must have been to walk those deserted streets, 
iBealed up for nearly two thousand years, and find the 
liouses, the baths, the libraries, almost uninjured ! 
These buried cities, Ilerculaneum and Pomiwii, were 
jdestroyed — as was thouglit until their rediscovery, 
about the middle of the eighteenth century— in the 
Jyear 79, Some day you will read about them in Eul- 
■ffer-Lytton's fascinating romance, "The Last Days 
:of Pompeii," 

In Mexico, in a peaceful district where there were 
^ne cotton plantations, a hundred and thirty years 
ago lived a rich planter quietly cultivating his crops. 
Suddenly one day loud and terrible noises were heard 
Underground ; earthquake shocks were felt. This went 
on for two months, and then all quieted down. After 
a few weeks of quiet, the noises began again, the 
^ound for about four miles swelled up in a great 
^dder Ave hundred feet high, which rose and fell, 
nil finally a yawning gulf ooened^ Tvio 'evt'STO.^^Vis^ 
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before had flowed peacefully through the country, 
plunged into this opening and were lost. Thousands 
of little mud volcanoes burst up all over the plain, an 
immense crater opened, and poured out such quanti- 
ties of red-hot stones and ashes that it built up a range 
of six mountains. One of these is a volcano, called 
Jorullo, which has been active ever since. 




The sea along the western coast of Scotland is filled' 
with numberless islands, which look on the map as if 
they might have been broken from the solid land. 
One of these is a tiny island lying close in the em- 
brace of a lai^r one. Though it showa as a mere 
speck on the map, this little island of Staffa is known 
the world over for its wonderful natui'al formations. 
On the edge of the sea, rising direct from the water, 
is the well-known Fingal's Cave (Fig, 17). The regu- 
larity of its formation is so remai'kable that it is hard 
to believe it to be a work of nature. Lofty columns 
of regular shape stiind up out of the sea, built up, it 
would seem, of block upon block of solid stone care- 
fully chiselled and as carefully laid upon one an- 
other. 

On the northern coast of Ireland, at the point which 
is nearest the Scottish coast, is another wonderful as- 
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semblage of tliese columns, roofless, and running out 
into the sea, called the Giant's Causeway, , 

An old story uiabea these two wonders the ruins of 
castles built and inhabited by two unfriendly giants. 




The cave has received the name of the Scotch giant, 
FingaJ. There are many old poems, sung among the 
Highlanders in the far past, of which Fingal is the 
hero ; but we now know that no man's or giant's hand 
helped to lift these great blocks of stone one upon the 
other. They were built up by the tires under the 
earth. The melted stone poured out of tlie volcanoes 
above and spread over the land, and there, as it hard- 
ened and cooled, split up into great crystals, or col- 
umns. The water dashing for thousands of yeajB^i 
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against them washed away the earth ai-ound and the 
broken fragments, but was dashed biick again by a 
few of the hard, unbroken columns, and so were left 
Fingal's Cave, the Giant's Causeway, and other forma- 
tions like these. 

Too long ago for yon even to imagine it, there was 
a great bridge of these columns reaching from Scot- 
land to Ireland ; the Giant's Causeway was one abut- 
ment, and Fingal's Cave another. In the thousands 
of years that have passed since, the rest of the bridge 
has been swejit away and destroyed, with only here 
.and there an island of columns between to tell the 
tale. 

These rocks — hanlened volcanic rock — are called 

Lsalt. They are not the only things which in dry- 
ing contract and split into crystals. Take some com- 
mon starch, dissolve it in water, and let it gradually 
dry. When it is perfectly dry, you will see that the 
igheet is full of quantities of fine cracks ; loosen it from 
"the plate, and you will find it all in crystals. Sulphur 
■or salt win crystallize in the same way. Few things, 
however, split up as regularly as basalt does. 

Sometimes where there has been a wide crack in the 

K~ Ider rocks the melted -basalt has ran, ui to_s> s A^iiisA. 
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the crack. In that case the stone aa it hardened split, 
np the other way, and instead of columns it looks like; 
piles of logs. On the coast of Lake Su].)erior there ia 
a remarkable instance of this; the surrounding rock 
has worn away, leaving the hard basalt lying like s 
carefully arranged pile of cord-wood. 

The great central fires of the earth are constantly 
at work, sometimes acting with shocks, and somo" 
times quietly and steadily changing tlie face of thei 
earth. In In<Iia, seventy years ago, one of these sud- 
den clianges took place which ^vas very remarkable. 
There was an earthquake shock, and a great piece of 
land fifty miles long and sixteen broa<l was suddenly 
lifted up ten feet higher than the country around^ 
and there it has stayed, with a straight wall aroniuj 
the edge called by the natives "TJllah Bund," o 
" God's Wall," from the mysterious way in which i 
arose. 

Without any earthquake shock or sudden movC 
ment continents are in some places slowly sinkui| 
and in others as slowly rising. It might seem { 
it were the waters which were rising or falling, but? 
a moment's thinking will show you that this cannot 
be so. Water soon comes to a level ; and as there i 
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nearly the same quantity in the oceans all the while, 
it must be the laml that is changing. 

There was, a great many yejirs ago, licfore Christ 
came into the world, a temple built on the Gulf of 
Baite, near Naples (Fig. 18). Tiiree pillars of this tem- 
ple are still standing, though the}' have seen many ujra 
and downs since their building. The original pavement 
was of beautiful mosaic, aud so well built that it still 
remains, though the earth on which it stands slowly 
sank for many years. About two hundred years after 
Christ a new floor was laid six feet above the old one, 
showing at that time how much the earth had sunk. 
Down, down the pillars went into the sea, till they 
had sunk twentj'-six feet. Then came a terrible erup- 
tion of volcanic lava, and the temple was lifted bodily 
more than twenty feet, the pillars still standing up- 
right. TweTity-six feet above the first pavement, and 
for twelve feet below that line, the Pinal's have been 
fairly pitted by some small sea-animal which had bur- 
rowed into the marble when it was under the sea. 
The story of the temple's travels is written on the 
face of the pillars. Now the temple is again slowly 
sinking at the rate of an inch a year. 

Our own continent is tilting up in some places and 
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sinking down in others. The Florida coast is sinking, 
the North Carolina coast is rising. Near Boston the 
land is rising, and Greenland, for six hundred miles, is 
sinking so manifestly that the Greenlandera have 
leameti not to build their huts close by the sea. An 
island in the Gulf of St. Lawrence is gradually tip- 
ping; its soutliern coast is dipping down and its 
northern rising into liigh bluffs. 

The water and the fire in doing these mighty works, 
in gradually turning and tilting continents and islands, 
and wearing them do\vn again, do not forget some 
smaller duties in the way of carving and ornamenting 
and beautifying the earth. 

There is no country in the world which has more 
wonderful hot springs than our own. The liot water, 
filled with carljonic acid, which coraes from the fires 
beneath the eartii, lias tlie i>o\ver to dissolve certain 
minerals; these it brings up to the surface of the 
earth. The carbonic acid goes off in gas when it 
comes to the air, but the lime and other minerals are 
allowed to settle ; there they harden and form a cap, 
from which the water drips down, forming limestone 
icicles or stalactites. Finally, cup after cup is formed 
in this way (Fig. 19), most wonderfully ornamented 
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In one place in Italy such a <ipriii„ nhicL ia at the 
top of a hill, has encdsetl the whole hill in i layer of 
stone formetl from its settlings 
In carbonated springs like 
those in Figure 19 most of the 
lime settles at the bottmn is 
earth will in water but there ^ 
is a still more wonderful kind / 
of spring, which builds its o« n 
basin, and after a »hile mil 
itself into a fountain biKh 
spring is called a 
geyser. These 
are very rare, be 
cause it takes 
so many different 
things acting to 
gether to form ' 

them. They aro itl.', i:i— (■.ie;i...s -■ .i-. 

the children of 

Rre and water, Geysers are found in Iceland, New 
Zealand, and our own "Western c<tuntry {Fig. 20). 
Those in the Yellowstone National Park, in Wyoming 
Territory, are perhaps the largest and most carious in j 
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the world. Indeed, that region abounds witli wonder- 
ful examples of Nature's handiwork, which must be 
interesting to all students of geology. 

A geyser begins by being a little hot spring; it ends 
by being a natural fountain. Geyser water has been 
put into a basin, and allowed slowly to dry up. It is 
then found that the settlings from this water are not 
on tlie bottom, but that, as the water dried, it left a 
solid rim around the basin, and as it sank the rim 
broadened downward. 

In the geyser water there is a white and glassy sub- 
stance that, as it settles, builds a cup for itself ; when 
the water overflows the cup, it naturally runs out of 
the lowest place. Here the solid rim ia built up by 
the glassy silica till that gets higher ; the water then 
shifts and flows over the lowest place left, building 
slowly the lowest places in the rim, till, instead of a 
cup, it makes a high tube with a mound of silica all 
around it. 

Sometimes the water will lie quiet in the tube for a 
good while ; but the fires beneath are turning water 
into steam, and when enough steam forms it lifts the 
water in the tube, in its struggles to get out, until 
finally the water is thrown up into the air violently. 
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like the jet of a mighty fountain. The steam escapes 
in a single burst or in aoveral ; tlie water sinks back 
and lies quiet for a while, till steam is again fonned, 
and the fountain jets again. 

A toy geyser can be made of an upright tube of iron 
filled with water, and two gas-jets burning against the 
tube, one above another. Every different way that a 
geyser plays can be imitated on this simple little ar- 
rangement. It would take too long to explain why 
some geysers are too young to play and why some are 
too old ; why some play at fixetl times, and others 
only when a clod of earth or something of the kind 
is thrown into the tube ; but if you could see the ex- 
periment tried on the toy geyser it would not be hard 
to understand. 



CHAPTER VI. 
TEE ICE-KINQ AT WORK. 

"We have seen how water wears away the land a 
one place to build it up in another, how it carves chal 
nels for itself through the solitl rock, and builds i 
new layers of rock out of the ground-up material, b 
we have not seen all that water can do. In its soli 
form, as ice, it lias had a great part to perform in wori 
making. 

I am sure you liave often reail of the wonderful g 
ciers of Switzerland, where, between t!ie rocky Bid< 
of a mountain gorge, the ice seems like a gi-eat riv* 
flowing downward. Glaciers are found in many eoni 
tries — everywhere, in fact, where the climate and t 
formation of the land are both favorable. We he 
more of Swiss glaciers only because a larger mu 
ber of people visit and write about Switzerland thi 
about the other countries where they are to be foani 
Greenland and Alaska have many glaciers quite a 
wonderful as those of Switzerland. 
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ecraps of their history and travels on the stones, as 
the savages did, and this history we can read to-day. 

Sometimes may be seen a very curious effect that 
the stones have upon the ice, which they protect from 
the melting rays of the sun. Each block of stone rests 
upon a pillar of ice of its own making. The stone is 
like the top, and the ice-pillar like the stem of a great 
toadstool (Fig. 23). 

Icebergs, you know, are great floating mountains of 
ice: as not more than one-eighth of the iceberg ia 
above water, you can guess how immense some of 
them are. They are really only the snouts of arctic 
glaciers which have pushed themselves into the sea 
without melting, and been broken off by the tides and 
the waves. When an iceberg gets afloat it sometimes 
comes as far south as Washington before it is broken 
up and melted. Usually they melt in the sea, and 
then rocks are deposited at the sea-bottom ; but some- 
times they run aground, and then on the soil of coun- 
tries far to the southward arctic rocks are dropped. 
The icebergs and glaciers of the far past hare mixed 
np things very much in this way. 

In. Greenland no rain falls^only snow ; there are 
oo rivers but ice rivers. A large part of the country m 
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is covered by a great sheet of ice, nearly half a mile 
thick, slowly travelling to the sea, and there launch- 
ing thousands of icebergs. 

Strewed all over the northern part of our continent 
— over mountains, hills, valleys, and plains — is a layer 
of glacier stones, scratched and " muttoned," different 
from the rocks below them, showing that once a sheet 
of ice covered this country as it now covers Green- 
land. This broke up into separate glaciers, as we shall 
find out more fully after a while, filling the valleys, 
as the Hudson and the Susquehanna, till it came to a 
climate warm enough to melt the ice. 

As time went our part of the earth grew warmer. 
We do not know why ; we only know it was so. The 
glaciers were driven back to the arctic regions. Our 
country was no longer a wide, barren ice-field, but was 
getting slowly ready for the day when God should 
command it to blossom as the rose, and be a home for 
His children. 




Bebides the forces of moving water, fire, air, and 

ice, wliich have been continually shifting and rear- 
ranging the materials on the surface of the earth, we 
have other builders at work. There are the plants and 
animals— things that have lived and had organs, and 
so are called organic forces ; the others, because they 
have never lived, are called inorganic, or not organic. 

The plants and animals helped to buQd np the layers 
of the earth, but they did so without meaning ; they 
just lived and grew and died, dropping upon the soil, 
and those jarts that did not soon decay — like the 
limbs of trees, the bones or shells of animals — were 
Bometimes covered over and preserved in great layers. 
This same process is going on now. 

In Virginia, near where Chesapeake Bay meets the 
Atlantic Ocean, hes a wonderful forest, different prob- 
ably from anything you have ever seen. Tall tree- 
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trunks rise out of the dark water below, and stretch 
up and up till they are lost in the great matted bed 
of dark-green leaves and boughs, which seem as if they 
were the roof of a cavern above-ground. It is alwayfi 
dim and dusky beneath this roof, even at noonday. 

Great coils of grape-vines bind together the tree- 
trunks, and out of the water rise the cypi'ess knees — 
trunks that have grown up and then turned suddenly 
back again into the water. These serve to steady the 
trees and keep them firm in the wet, insecure soil. 
Tall reeds and grasses grow up between the trunks of 
the trees, and hanging masses of solemn gray moss 
drape tlieir boughs. Here and there the surface of 
the sullen water is broken by little tussocks of graSK. 

The water is a dark coffee-color, but clear and spar- 
kling, and sweet to the taste. Over all this wildemeaa 
of solemn trees and dark water reigns a death-like 
stillness, broken only by the humming of miUions of 
mosquitoes or the splash and rush through the water 
of some water-snake or venomous moccasin which has 
been sunning itself on a log, and drops into the water 
on your approach. Here in this Dismal Swamp the ' 
battle between land and water is going on. The land, 
aided by the plants, is continually gaining ground. 
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Into tho water the leaves ai'o always falling, the dead 
boughs fi-om the trees, tho drijiping gray moss and 
the juniper berrii^, making a solid mass and slowly 
filling up the pools. 

The water has the power of keeping the leaves from 
decaying as they would on land. This water is a 
very wonderfid thing. Many years ago, when I was 
a child, I went out from Norfolk, Virginia, to see the 
old war-ship I'ennsf/lntmia, that was lying near the 
city. One of the ship's olficers handed me a glass of 
what I took to he brown sherry wino. I tasted it, 
and found it was pure, sweet water. This was the 
coffee-colored water of the great Dismal Swamp, and 
it will keep sweet for twenty years on account of the 
juniper berries that have colored it. I think the glass 
I drank had been somethmg like that time in the hold 
of the ship. 

In some of the Louisiana swarai>s the surface of the 
water is covered for many thousands of acres with a 
t growth of grass and plants, making what is called a 
K floating prairie, where twenty years ago there was an 
I expanse of clear water. The grass grows tliicker and 
I thicker every year. Sometimes, when this floating 
i heavy and water-soaked, it w^U. •aii 



78 The 'Ear^ in Past Ages. 

into the shallow water beneath. "WTien this has hj^ 
pened often enough, the lake of the past will hal^ 
been converted into a soggy swamp. Willow-trt 
seem to come up of themselves, and their roots bind 
more firmly together the slight soil and grass roots, 
and the land is born out of the water, gaining solidity 
and finnness year by year. These floating prairies, 
when the grass and roots and earth are only two feet 
thick, are strong enough to allow a man to walk about 
with ease, though they are floating on clear water sev- 
eral feet deep underneath. 

In some countries — Ireland, for instance, where 
there is a great deal of rain — -moss and small plants 
growing on a soft, muddy place make a deep coating. 
Each year's growth is packed closely down on the 
growth of the year before. ■ In this way a peat-bog is 
formed. In the open air, when plants perish, they dry 
up and blow away, or decay, and so are lost; but in 
the peat-lK)g8 the water, like that of the Dismal 
Swamp, preserves things that drop into it. Bog oak, 
out of which ornaments are sometimes made, is oak 
that has been preserved in the water and turned black 
and hard with years, but is perfectly sound. 

About p ' 'red^^^^go the body of aj 
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was found deep down in an Irish peat-bog almost per- 
fectly preserved; even the hair and skin and nails 
were sound. She must have been there a long, long 
while, for on her feet were, not shoes, but ancient 
sandals, such as have not been worn for hundreds of 
years. 

The solid packings of moss forming peat are cut. 
into squares and dried, and then used to burn instead 
of wood or coal in many parts of Ireland. This peat 
is coal partly formed. When it is pressed very, very 
hard by machinery it is made into a kind of coal which 
burns quite well. Some of the peat-boga in Europe 
were formed by the cutting down of the forests by the 
Homans. The trees were left lying where they fell, 
and often dammed up springs, and so a bog was formed 
which in the eighteen hundred years since has grown 
into a peat-bog- 

In moat bogs formed in this way the peat is not 
pure ; it is mixed with mud and sand ; but in some 
places, as in the swamps along the Mississippi, the 
water has been strained of its mud before it reaches 
the swamp, so the peat is made just of layers and lay- 
era of leaves packed together by the water, and is per- 
fectly pare. 
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Sometiraea, when solid continents or islands have 
simk beneatti the water, whole forests have gone 
down with them, the fallen trunks of trees and( 
stlunps in place; the dirt has sifted over these, (all 
new land has formed above the old, new forests haTe 
grown up and fallen and been buried. A cut throDglJ 
such a bed may be seen in Figure 26 ; the layerB c 
sand and shells between the layers of tree-tnin^ 
show that it has been under water between-times. 

In New Jersey there are great buried forests ot 
cedar which have lain there for centuries nninjuredJ 
People actually mine for timber. Some of the tree- 
trunks lie fifteen feet underground. One of 1 
trunks, which had hved for five hundred years, aa 
showed by the yearly rings, was underneath anothOT' 
which had a thousand yearly rings. 

In Louisiana, where the timber grows heavily, grea^ 
trees are often torn up and carried down-stream by 
sudden and heavy floods. These get wedged, and dajq 
the stream, so that though the water can filter throQghj 
everything whicH comes floating down the stream Ig 
stopped and packed together, and forms great natur^ 
rafts. About forty years ago the Government had 
one of these removed, wliich measm-ed ten miles li 
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seven hundred feet thick, and eight feet high. It waa 
covered with plants, and even a few great trees sixty 
feet high were growing on tlie top. 




The plants we Lave been talking about are good- 
sized — some of them largo trees ; but there are other 
earth-builders among plants too small for the eye to 
see. These are very wonderful little plants ; in many 
ways they seem more like animals than plants. Each 
one is a little greenish dot of jelly, with a glassy coat 
like a shell. They may be found in almost any water, 
but it takes a good raagnifying-glass to see them. I 
have found them in the water from a running stream, 
t spoonful dipped up from the hollow made in. \ 
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country road by a horse's hoof, or in a way-side pooL 
In the seas and lakes and rivers of the Old World 
these little creatures lived and multiplied and died, 
dropping to the bottom, and making earth of their 
tiny glassy shells. A piece of this earth smaller than 
an ordinary bullet or green pea would have in it over 
two hundred million shells, and vet this earth covers 
thousands of acres several feet thick. 

Out in the western part of Virginia, only about a 
hundred feet below the top of one of the highest 
mountains in the State, there is a lake nearly a mile 
long and a quarter of a mile broad. It is as clear as 
crystal, and if you take a boat and go out upon its 
still surface you Avill probably look at the sky or the 
green banks till some one says to you, " Look down." 
Then you see a Avonderful thing. Down at the bot- 
tom of the water is a dead forest ; the trees are stand- 
ing up, with their naked branches spreading abroad in 
the water far below you. How such a lake can exist 
so high up it is difficult to guess. The water must 
come from the small portion of tlie mountain above it. 
Some years ago an old man said that he remembered, 
about seventy years before, when there was no lake, 
only a valley filled with trees. How or why the lake 
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came no one seems to have found out, though many 
guesses have been made. It is thought that the water 
w^hich drained from the mountain used to escape, but 
that the way of escape was somehow closed, and so 
the water filled up the valley. The trees, of course, 
died, but the water kept them from decaying and 
being lost. I do not know of any other place in the 
world just like this; but the same thing may have 
happened long ages ago, and trees in this way have 
helped to be earth-builders. 



CHAPTER Vin. 
THE BUILDERS UNDER THE SEA, 

The Pacific and Atlantic oceans, where the water 
is not too cold, are dotted over with myriads of isl- 
ands of a very peculiar kind. Many of these islands 
can be found upon the map, but a great multitude of 
them are too small to be put down. 

These are coral islands, and they are formed, little 
by little, by tiny living beings, some of them so small 
that you can only see them plainly by using a magni- 
fying -glass. Tlie Florida Keys, the Bermudas, and 
other islands near our Southern coasts are the work 
of the coral animal, as Avell as the reefs along the 
Florida coasts. Many of the islands built up in this 
way are ring-shaped — round, or oval, or irregular — 
but enclosing a quiet lake. In some the ring is in- 
complete, and the water inside it is a landlocked bay ; 
in others there is a row of islands wliich, if connected, 
would make a ring. The Bermuda Islands are such 
a row. 
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These curious islands are called atolls. The land 
lies low, and the curved strip of liind forming the isl- 
and bears a grove of feathery palms aud beautiful 
flowering trees, boniered by a beach of pure white 
sand. Seen from above, an atoll would look like a 
gigantic green wreath floating on the bosom of the 
water (Fig. 27). 

It must be a wonderful thing to be the first persou 




who has visited one of the lovely, lonely atolls of the 
Pacific, whose only inhabitants are birds. Fifty years 
ago this was a more common occurrence than it is 
now, when the seas are so full of great ships and 
steamers, as well as smaller craft, that most of them 
have been at some tune visited. Professor Dana, who 
weut out on an exploring expedition some time ago, 
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says that " on one atoll, where no natives ever dwell, 
the birds were so innocent of fear that we took them 
from trees as we would fruit, and many a songster lost 
a tail feather as it sat perched upon a branch appar- 
ently unconscious that the world contained an enemy. 
They had never found out the vow of eternal enmity 
sworn against the birds by the boys. Poor little 
heathen birds ! IIow they did need a missionary !" 

You may have heard of the coral insect, and of its 
wonderful industry in building up great islands in the 
sea, as if coral was built as honey-comb is. The coral 
animal is not an insect, nor anything like one, and it 
builds the coral precisely as you build up the bones in 
your body. It is a sort of flower-animal, shaped like 
an aster or an anemone or a daisy. It has nothing of 
the flower about it except a resemblance in shape, but 
is as much of an animal as an oyster or a fish. The 
coral polyp has a thick stem crowned by a row of 
petal-like arms arranged about a centre, or sometimes 
several rows so arranged. The stem is the body, and 
in the upper part of this is a hollow sac — the stomach. 
Tlie centre of the flower is the moutli, and the petals 
are feeders to catch and draw in the floating food that 
comes within reach. Some of the sea -anemones do 
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not make coral, and others do, btit ail are constructed 
on this simple flower plan (Fig. 28, «, b). 

When you eat and digest your food, new ])articles 
of flesh are formed. These are pushetl in between the 
particles already there, and at the same time old par* 
tides ■which are dead and 
of no further use to you 
are cast off. While you 
are growing, more new 
particles are matle than 
old ones are cast off . When 
yon are grown, those that 
are taken on are equal to 
those that are cast olf. 
This constant change goes 
on in the bones as well as 
in the flesh, though more 
slowly. 

Such a change is all the while taking place in the 
coral polyps. The coral is the skeleton of the polyp. 
Instead of the skeleton being all inside the polyp' 
body, as yours is in you (except your teeth), or all out- 
side, as it is in the oyster, it is partly in and partly 
oat. In the lower part of the stem of the coral ani* 
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mal, below the stomach, is the skeleton ; as the polyp 
grows it keeps adding particles to its skeleton, and 
as it casts off less than it adds, the skeleton grows 
too long for the l>olyp, and is left behind as a solid 
stem, on the tip of which is the flower-like animal 
(Fig. 28, a). 

The polyp, though an animal, is of a very low order. 
It is really only a stomach, a mouth, and feeders. Al- 
though it has no eyes, it can somehow tell when its 
prey is near, for it is quick to reach out its beautiful 
petal-like arms and draw it in. It has no ears, but 
the softest footfall will cause it to draw in all its petals 
and shrink down into a little brown knob which can 
scarcely be found among the sea-weed at its foot (Fig. 
28, V). It cannot move about, for it is fastened tight 
to its coral stem, but it is provided Avith a wonderful 
contrivance for the capture of the prey beyond the 
reach of its arms. All along the beautiful petals are 
tliousands and thousands of tiny pockets, and in each 
one is coiled up a long, slender thread. Let an un- 
wary little fish come within range, and in a second 
hundreds of these threads are shot out, each turning 
itself inside out as it comes. The threads are barbed 
and poisoned, and woe to the fish who is lassoed. He 
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is Btmmed, and soon dies. Then the victim is drawn 
into the innocent-looking flower. After the meal ia 
digested, the flower turns itself wrong aide ontward, 
and so gets rid of any fish bones it cannot digest. 
Out of food so caugiit and digested the solid coral ia 
formed. A single polyp would form only a small 
stem, but the polyps increase bv sprouting from buds, 
or by one of them stretching and splittmg up into two 
or three or a dozen polj ps till great bnncheti or sheets 
of them are formed with the 
coral underneath. The sliajip 
of the clumps or branthL'^ is 
determined by the wa> thL\ 
increase (Figs. 29 and 30) 

Reef -making polyps cannot 
live in the depths of the st i, 
bat when they lodge near 
enough to the surface, and in ^ ° i^—^-oi 

water which all the year i uund ^' ^ "" '* ^'^,'"* 
is never cold enough to kill 
them, they grow steadily, though slowly, and 
enormously in numbers. 

All through the Pacific Ocean these curious islands 
^ are found. They are of three kinds ; either an. ocdt 
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nary island, surrounded by a pure white beach made 
of copdl sand, or an island with a ring around it, or 
one which is nothing but a ring. Sometimes the 
beach or ring is broken up — that is, some parts of it 
do not rise above the surface of the water, and the 
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ring is only marked by dots of islands arranged 
around in a circle. 

Wherever such islands occur they have been slowly 
built up by coral polyps. "When the clumps of conJ 
have grown up to the surface, the branches are broken 
off by the waves and ground into powder or 
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sand, as it is called if coarse, and coral mud if finely 
ground. This powdered coral sinks over the spread- 

ing branches of the living coral and finally iilla them 
up, and with shells and bones they heap up above the 
surface of the water and grattually harden into rock. 

Below the water, on the sloping beach that runs 
out towards the sea for a little distance, you may see, 
if you look downward, a wonderful fairy garden. The 
polyps sometimes look like beautiful animal flowers, 
waving their fringe of feelers like leaves with every 
movement of the water ; other fan-like corals, called 
gorgonias, send the pink lace-woi'k of their leaves up 
through the water, while bright fish dart in and oat 
amid the curious animal forest, showing thoir vivid 
colors against the white background of the coral sand. 

Many of the polyps are too small to be seen with- 
out a magnifying - glass, so you would only see the 
clumps and trees of growing coral covered over with 
a coating of a soft, fleshy substance if you looked at 
them through the water. 

The peninsula of Floritla, on the south-eastern end 

of the United States, is a land made by the coral 

I polyps. Several reefs have been built, one beyond 

i other, and the space between became gradual^ 
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filled lip witli drifting sand and floating wood, till tho 
solid land waa formed, There are still reefs beyond 
the main-land called the Florida Keys. 

Jest why reefs should form as they do in lines and 
rings off the shore of the land, or make ring-shaped' 
islands in mid-ocean, is not absolutely certain. Years 
ago, when Mr. Darwin was a young and unknot 
man, he gave the first explanation that seemed really 
to satisfy men of science. For forty-five years these, 
ideas of Darwin were believed in by all the world, but 
of late years there has been much talk and much study 
about the question, and geologists are divided. Alt 
hold the same facts — it is the reasons for them that 
they cannot agree upon, Bo it setims to me wiser t« 
give you the facts only, and not attempt to give t 
explanation that may not prove true. 

In great storms near the coral islands, the watei 
often looks milky, whitened by the fine coral mud. 

In shallow seas corals often grow up in a sort q 
umbrella or mushroom shape, with a central stalk an 
a wide, flat top. A great many of these will unit^ 
and make an Island, held up by great columns beloW; 
Sometimes in the Pacific a ship has run aground otf 
one of these umbrella -shaped reefs, the colunm 1 
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broken, and, to tlje sur- 
prise of the crew, the 
vessel has gone safely 
ahead. 

There are many other 
kinds of sea creatures 
which are helping to 
build up land in the 
bed of the ocean. Fish, 

large and small, when they die, dro]) their teautiful 
shells, or their skeletoiis, and these collect in the sea 
depths, and after a while heeome packed into a solid 
stone. In this piece of limestone (Fig. 31), see how 
closely the shells lie together; in other pieces there 
will be dozens of dilferent kinds packed in the broken 
bits anil dust made 
by thousands of other 
shells (Fig. 32). 

The chalk cliffs of 

Dover, which gave tO' 

England her poetio- 

name of Albion (from 

■Yoisoj^ rar cbalc oZJws, white), are solid 

"^ineDlffofQaplojy." maBSKJ jof _tin,i 
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At the bottom of the Atlantic there are to-day form- 
ing just such beds of chalk, not yet made into a solid j 
mass, but on tlieir way to be (Fig. 33), and if the chalk J 
which was made ages ago and that which is making I 
to-day are compared, they will be found to be very I 
much the same. 





THE CRUST OF THE EARTH. 

Toe earth, as you know, is a great globe, eight thou- 
sand miles through from side to side. Geology would 
not be a possible study if we were obliged to learn 
about the earth, down to its centre, four thousand 
miles below the surface. All this mighty mass, ex- 
cept a sort of skin which encloses it, as the rind en- 
closes an orange, is made up of metals and minerals, 
just as the flre has moulded them. At first the " rind " 
was only the outer part of the globe of melted rock, 
■which had hardened as the earth cooled down. 

You remember what it was that changed the hard- 
ened surface of the globe into the wonderful layered 
r crust that now corers it : how the air and water and 
fire went to work, the air and water powdering the 
rock and letting it settle into the water's depths ; and 
then, when this had again become solid, how the im- 
prisoned fire bjtfstT|i^piygh, ^U«L^g and tearing and 
wrinkling ^le fe^ers^ 
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The crust of tLo earth, so far aa we know, is not 
more than ten miles deep anywhere, and in many 
places is not more than three, Tliis seems a wonder- 
ful depth when we think how long it would take to 
walk so far, but it is very little when compajed with 
the size of the earth. 

Of course we could never have reached to the bot- 
tom layers if they had all settled quietly down, one 
on top of the other, and stayed just where they first 
settled, for the deepest mines cut down through only 
about one mile; but fire has come to our help, and 
broken and tilted them up so that the edges of the- 
layers are exposed, and can be studied better than if. 
men had dug down to them. 

The crust of the earth is like a wonderful book, 
with its leaf upon leaf, close shut, yet each bearing 
upon it the record of a life long passed away. For 
"hundreds, even for tliousands, of years the pages of 
this book lay unread. Men had seen them ; they had 
perhaps guessed and wondered at the curious forms 
impressed upon them ; but no one had looked at them 
with a seeing eye, no (ine had worked out the problem, 
no one ha*l guessed the rid<llo of the rocks. Undepi 
^ neath these written pagea, ■w\i.&Ta ^ba hiatory <^ 
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past may bo read, lies tlie fire-made rock, like so many 
blank pages. Ko life had ever existed there, ami so 
the pages are empty. 

The crast of the earth is very irregular ; groat 
mountains and plains rise above the level of the 
oceans, and mighty valleys sink beneath their depths. 
The highest mountains stand only about five miles 
above the sea-level, and the tleepest ocean valley sinks 
only about the same distance beneath its waters. 
Great as this unevenness of the surface seems, it w 
leas, in proportion to the size of the globe, than the 
roughness of its rind is to an orange. 

When you look on the map of the world, the conti- 
nents appear to be very irregular in shape. There 
seems to be no sort of rule in their formation ; but 
there is : some things are alike in them all. Each 
continent — Europe and Asia being one-— is surround- 
ed, or nearly surrounded, by water; the mountains run 
somewhere not far from the rim, making of each a 
great shallow, irregular basin, and the highest range 
of mountains is nearest the largest ocean. In North 
America, for example, the Pacific Ocean is larger than 
the Atlantic ; the liocky Mountains, which face the 
'tkoifio, ace higher than the Eastern ranges that face 
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! thing is true of the other 



the Atlantic. The s 
continents. 

During the straggle of the imprisone^l giant, Fire, to 
make his esea|)e, many changes have taken place in 
the sliitpe of tiie land, but the changes have been a 




Figs, 34, HB. — Ram-drops abd Work-tracks on Green Silale. 
FnHD LjbU's "Eleroenle of Geology." 



sort of growth or development ; the continents have 
gradually become larger, the land has slowly been j 
lifted up out of the water. 

Layered roclis are of as many kinds as there are of 1 
sea^ehores and lake-bottoms. Some of them are fine j 
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mud, some sand, some pebbles, and flome Ijrokon bits 
of stone or coiul cemented together and hardened into 
rock. A layer has often been traced from its condi- 
tion as mnd or sand to the place where it is a layer 
of solid rock, with all the dif- 
ferent stages of change be- 
tween. 

In the layered rock sea- 
shells he just as they he in the 
water a bottom. You remem- 
ber how Hugh Miller saw, on 
the slab of sandstone his ham- 
mer laid open, ripple marks 
such as he had often seen in 
the sands of Cromarty Frith, 
and he knew he had come 
upon an ancient sea-beach. pig. se,— A Dibtortkii Shill, 

Think how strange it must 
seem to lift one layer of rock from another and find 
there the impression of rain-drops — the record of a 
rain-storm that had swept over some lonely sea-shore 
milHons of years ago, which yet is as clearly to be 
read as if the drops had fallen yesterday (Figs. M, 35). 

Earth) or sand, has been changed into solid rock in 
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several ways ; sonietimes it has been slowly baked by 
the inner fires, someivhat as clay is baked into brick 
in a kiln. At other 
times it lias been pressed 
into stone by the enor- 
mouB weight of the lay- 
ers on top of it. Shells 
are found in rock which 
has been made in this 
way pressed into en- 
rious shapes (see Fig. 
3R). The upper one of 
these shells («) has its 
natural shape \ the low- 
er is theform into which 
it was pressed by the 
weight above. 

In Figure 37 you see 
a siiell on the inside 

Froinr,)eir«"F.lehieiits.irOeulugj," of wbicll SOm6 CUrioQS 

worm-Hke coses are 
glued. The dead oyster -shell must have lain long 
enough on the bottom of the sea for the seatworm ' 
to have built its case, which it takes some time 
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do, before the earth settled over and enclosed them 
[both. 

It is very easy to see that when one layer of earth 

I settles over another the rock would easily split in that 

I direction ; but rocks split in other directions too (Fig, 

. Ton see there are three different sets of hnes in 

these rocks, and the rock will split along either of 

se. A and B are the layers formed by settling ; 




18.— SiEAiincATioN, Joists, and CtKAVAiiE. 
- From LjBira "ElemenlB nr Geology." 

C ia one of the cracks made by the shrinking of the 
rock as it cooled ; but the other lines, diagonal to 
these, are formed by heavy pressure. If you take 
Buch a thing as beeswax or white-lead and put it 
under heavy pressure, it will oonie out in such a con- 
tha^ you can easily separate it into sheets. 
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Slate that is used for the roo& of houses is stone 
which has been put under such heavy pressure, while 
it was hardening, that it came out as beeswax or 
white- lead would, and will split into thin sheets. 
The pressed and distorted shells in Figure 36 are fre- 
quently found in rock like this, and the shells are al- 
ways pressed out of shape in the same direction as 
the cleavage of the slate, no matter in what position 
they had fallen, showing that there was no accidental 
distortion in the form of the sheU. 




The most beautiful scenery on the face of our earth 
owes its beauty in great part to the presence of mount- 
ains. Whatever may he said for the beauty of ocean 
scenery by its lovers, it is still true that the mountains 
divide the honors with the sea. 

Mountains have been formed in different ways, and 
are different in their appearance, but each possesses a 
beauty of its own. Tlie soft-swelling, forest-crowned 
domes of the Blue liidge and Allegiianies, in the East, 
ai'e acai-cely less beautiful than the majestic snow- 
crowned ]»euks of the Rockies, in the West. 

The real mountain -builders of the world aro the 
earth-builders, firo and water ; and the different ways 
in which the work was done came from the various 
combinations of these forces. After the water had 
done its woi-k in depositing the layers, one on top of 
the other, under the sea, a change would come — the 
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Iiardeiietl crust would be slowly wrinkled up In- the 
sliriiikage of the glolje beneath. This shrinking was 
in |Kii-t due to the cooHng of the melted portion in the 
interior, and part probably to the escajw of gases and 
water in the form of vapor. The skin, or crust, that 
woidd lit smoothly over the larger glol>e would natu- 
rally wrinkle over the globe that had become smaller. 



Such wrinkles are our mountain chains as they first 
appeared. Some mountains are still little more than 
such wrinkles, witli the layers unchanged (Fig, 39). 
In the picture we see just how the layei's follow the 
curves of the mountain. A great cleft has been made 
through the three wrinkles, or mountain ranges, and 
this enables one to see just how the layers run in the 
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two left-hand peaks. In the right-hand range water 
■has oome in and cut through, and lowered the mount- 
ain-top. Fire is the cause of mountain-building, either 
directly or indirectly; while water carves and sculpt- 
ures and wears away in various ways the simple folds 
or wrinkles as hrst made. 

First we will try to understand just how the crust 
of the earth is thrown into wrinkles. Take a dozen 
pieces of cloth or flannel, cut them tlie same shape and 




Fig. 40, — Wrinkled LiVEna. 

!, and lay them on the table in an even pile, put two 
'books at the ends, as you see in the picture (Fig. 40), and 
lone on top to hold them in place ; now press the two 
letanding books gently towai-ds each other, and the 
.cloth win wrinkle up, the layers still lying on top of 
other, or oonffyrmahhy, as it is called. An 6^)ffli- 
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inent lias been made with layers of moist claj, pnt 
one alx)ve tlie other in a pile, a weight placed on top, 
and tlien presse<l as tlie flannel is, gently together. 
AVhen the open sides are watched the layers of clay 
are seen to wrinkle np, just as they did ages ago in 
the foi'ination of mountain chains; where the pi-essure 
is great, many wrinkles are formed side by side, with 
vallevs between, as in the case of the Rockies and 
Cordilleras and our Eastern mountains. 

The Alleg'hanies and Blue Eidge, as well as the 
AVhite and Green mountains of our Eastern States, 
have been made by such a crumpling of the earth's 
crust, followed bv the action of water and ice. The 
rains have washed and worn away the crumbled rock; 
the air and the ice have helped to do the work, till 
the original forms of these mountains have all been 
changed. 

One of the most singular mountains in the world 
has been made entirely by the action of water (Fig. 
41). The layers of rock running across the mount- 
ain look as if they had bi3en built by a stone-ma- 
son, and the little cones of washed earth as though 
they had been sculptured out of the rock by tools. 
These have been built and sculptured too, but they 
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tnictod, luy along the sea-bottoms, but iioiii- the coostfU 
There were reasons why the earth's crust here i 
softer than elsewhere, and it gave way along its wealb 
est lines. 

Of course tliis soUd crnst has cracked and broken 
under the strain. In some places these cracks liavt 
been widened by \Tater flowing through them, and a 
a result we have the deep clefts in tlie rocks, witfi 
streams running through the bottom of them that a 
called eailona (pronounced canyivia) (Fig. 42). No pietj 
ure can give an idea of these wonderful walls of r 
rising up on each side of the stream running t 
at the bottom, sometimes thousands of feet high. 

Where the crust of the earth is cracked through I 
the action of fire, one half will sometimes settle lowi 
than the other, and then the crack will close up. ( 
course, where this is the case the layers will no long) 
match. This is called a fault by miners, who 9i 
very much troubled when they are engaged in d^ 
ging out a layer of coal or iron, and suddenly fijad i 
end in a blank wall of rock. They know that thfe i 
a fault, anil that the layer they want to follow is aitj: 
above or below them. A knowledge of geology U 
great help in determining which way they shallli 
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ranges seem to be built up by the outpouring of lava 
along their lines. 

This country was the scene of a terrible eruption; 
but now tliere is not a single active volcano left. The 
hot springs and geysers are all that is left to bear 
witness to tlie almost exhausted force of the fire that 
once did such a mighty work thei'e in mountain-build- 
ing. 




METALS AT HOME. 



The crust of the earth is matlo up of many other 
thmgs besides layered stone, and very valuable things 
they are, too. Gold and silver, iron and copper, lead 
and tin, as well as many other metals, are found among 
the rocks. 

Iron is really the most valuable oE the metals. We 
are accustomed to think that gold is more valuable 
because it will bring a higher price. But think for 
yourself, and you will see what thousands of useful 
things are made of iron and steel, and how very few 
real uses, apart from money, gold has. Nothing else 
is so good for filhng teeth, a mixture of gold is used 
in some kinds of photography, and gold is valuable 
for coins because it does not rust or corrupt; but its 
real uses are not many. 

If you were cast away on a desert island, which 
"WOUki you choose to find, a bag of gold or a case of 
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tools ? One single knife would outweigli in value a 
the gold you could carry. Comparing the two meta 
in such a way as this makes us see how much moi 
really valuable iron is than gold. Savages of all coo; 
tries have made their first metal tools of copper, or 
mixture of copper and other metals, called bronz 
This is because copper is found in a purer state tbti 
iron, and is softer, so that it is more easily obtains 
and more readily worked with the simple tools tbi 
savages use. So you, in your desert island, if noti 
savage, at least living the life of a savage, might pd 
fer the softer metal, because you probably would m 
have the mejina of separating from its ore the hatd 
metal, or of working it. In reading about savage yA 
pie you often hear of gold and silver and copper, U 
never of iron, and this is the reason, J 

■ Gold and platinum are always pure, copper andJ 
ver sometimes so, but are also sometimes foand'l 
the condition of ore. Ore, correctly speaking im 
mixture of one or more metals with earth or olM 
mineral matter. This is not a common niixture,43 
as you could make by stirring salt and sugar togetM 
but is a union of another kind, a chemical union, ^ 
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substance unlike either of the two out of which it has 
been made. Air is a jmxture of seveiul gases ; water 
is several gases in chemical nnion. Air remains a gas, 
but water is utterly unlike a gas — it is a liquid. 

You often hear of gold ore, but it is not truly an 
ore,- the pure gold is mixed with other minerals or 
metals. Iron ore is a chemical union of iron and other 
things — one of the gases of the air and water, for ex- 
ample. Iron ore of a common kind is iron rust; the 
solid, heavy, black metal has been turned into red, 
powdery dust. 

If you have travelled much you have probably no- 
ticed how very red in some places the earth is ; the 
mountain land in Virginia and many parts of New 
Jersey, for instance, is like this. I have seen the 
ground in Virginia look fairly crimson in the sun- 
light. This red look of the earth means iron, and iron 
weU rusted at that. 

Underneath bogs and swamps great flat cakes of 
iron ore are found, sometimes as large as the swamp, 
and one or two feet thick. This collects in a very cu- 
rious way. The rusted iron, which is scattered all 
through the eai-th, will not dissolve in pure water j but 
-when matter that has once been living, either vegetf^ 
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hie or animal, decays, it changes the water that flows 
through it on its way down through the crust of the 
earth, so that the iron rust dissolves in it. This is 
carried down till it reaches some layer of earth or rock 
which the water cannot get through. There it settles, 
and in the course of years a great flat bed of iron ore 
is foiTiied, 

Iron is often to he found somewhere near ^ea 
greiit beds of decaying vegetable matter ; it is ^nee 
ally found very near the coal-fields, and these wej 
once great forests. Time and heat and pressure havlli 
changed them from wood into coal. 

A great deal of labor is required to dig the iron ore: 
niiglity derricks lift it, vast furnaces, white hot, art 
waiting to smelt it, and so seimrate the iron from tin 
useless matter in the ores. Life near an iron-mine u 
very curious and interesting. 

In Cornwall, at the south-western point of England 
are to-day the same mines that were worked befoM 
the birth of Christ. The Phoenicians, who were ttti 
seafaring men of those days, used to come to England 
— Albion they called it, because of the white chi 
cliffs along the southern coast — to get the copper an< 
tin from these mines. Some of them have h&ea. d 
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down and out so that they run under the bed of the 
sea, and when there is a storm the miners can hear 
the great waves Imrling themselves on the rocks and 
breaking in thunder above their heads. 

In these Cornwall mines are found tin and copper 
in some places, and iron and lead in othei-s. A very 
curious thing has been discovered about them ; all the 
tin and copper mines run east and west, while all the 
lead and iron run north and south. 

The layered crust of the earth, as we know, has 
been many times upheaved and heated and cracked 
by the fires beneath. Sometimes the melted stone 
ran up and filled these cracks, and hardened there, as 
the basalt did making Fingal's Cave and other won- 
derful formations ; sometimes, as we have seen, the 
cracks closed after one side had slipped and sunk 
down, so that the layers on one side did not match 
those on the other. The rocks have been broken and 
healed again till they are all seamed and scarred. 
Many of the cracks were not Slled at once with melt- 
ed stone, and did not close. These were gradually 
filled later. The hot waters of that ancient world, 
full of dissolved metals and minerals, dripped and I 
oozed through the cracks, leaving behind part of the m 
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material which they had dissolved, till each cmok vafi 
iiII(Mi. These are called veins, and are filled aome- 
timos with gold, sometimes with silver or other met 
als, and sometimes with minerals. The beantifol stri- 
])ing of agate, for instance, comes from such a oause. 
All metal veins are supposed to have been formed in 
this Wijv. 

Th(i (jiiantity of gold in circulation was j^xA very 
great till al)out forty years ago, when gold was foimd 
in many ])laces nearly at the same time. Our West- 
ern coiinti'v and Australia were both settled in a won- 
derfully shoi't time, because of the rush to the. gold 
and silver fields after the precious metals had been 
discovered there. 

Mining for gold is in some respects very peculiar 
and interesting. The metal being pure, it lies embed- 
ded in a clear whitish stone called quartz. You have 
probably seen Indian arrow-heads which have been 
chipped out of this stone, and know its look. Gold is 
found witli otlier metals and minerals, but it oftenest 
occurs in (juartz. The falling of rocks, the rattling 
about in the mountain torrents of broken bits of gold- 
bearing quartz, have turned the stone fragments into 
pebbles, and set the gold grains free. 
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The first of the Western miners used to shake this 
gravel in pans, and the gold grains, being heavier, 
would sink and lie afterwards collected. The common 
slang expression, to "pan out well," came from this 
method of collecting gold. This wjis called placer 
mining. Then the cradle, with water running through 
it, was used as an improvement upon the earlier meth- 
od. This also soon proved too slow for our American 
haste to get rich. 

Change after change was introduced, each as an im- 
provement upon the last, till a new method, called hy- 
drauhe mining, was adopted in the end. It is called 
hydrauhc from hydra, water, because water does the 
greatest part of the work. 

To understand just how it is done we must get a 
clearer idea of the state in which gold is usually found. 
There are some gold-mines where the gold is shut up 
in the solid quartz, and has to be dug for and taken 
out of the solid rock as the kernel is taken out of the 
nutshell. But most of the gold in the world is in 
among the broken fragments of rock and jtebble banks 
which fill the beds of old rivers now dry. By the old 
raining methods these were painfully dug out, washed, 
f^id the gold collectei^. 
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Now the water digs the ore, washes it, and separates 
it. A great engine, looking like a cannon more than 
anything else, shoots an unmense stream of water 
against the gravel -bank, wearing it away, bringing 
down great (juantities of stone and pebbles, with the 
gold in grains and threads among it. The stream is 
so strong that enormous rocks weighing thousands of 
pounds arc tossed in the air as though they were pieces 
of wood, and an avalanche of stones is carried in the 
water as it rushes down the slope. The heavier gold 
grains drop as the mass moves on. 

In one way this kind of mining has proved a great 
curse to the country. In more than one place whole 
river-beds have been so choked with the rocks and 
earth that when the water rises in spring terrible 
floods come, and the whole country is covered with 
the powdered stone, the crops are killed, and the soil 
very much injured ; towns are almost ruined, and farm 
buildings totally destroyed. The greatest efforts have 
been made to put a stop to hydraulic mining by law, 
and there is no telUng where the fight will end, and 
who will be the victors in the contest. 
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A STUDY OF BONES. 



I HAVE been trying to take you with me, while we 
looked into all the forces and agencies that have been 
building up the earth and bringing it to the condition 
which we now know. This is one kind of geology — 
it is called structural, because we are by it learning 
about the structure, the huUding^ of the earth. Jfow, 
I want you to begin in another way, and we will fol- 
low the different forms of life in the vegetable ajid 
animal world as they followed one another, begin- 
ning with the simplest creatures — such mere lumps 
of jelly that it is hard to tell whether they belong 
to the animal or vegetable kingdom. Such a study 
as this of the life of the past is called historical 
geology. 

Long before the science of the earth was thought 
of, a careful study had been made of living animals 

id plants. To do this properly, and make it easy to 
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remember, they were arranged in different classes. 
Evcrvthing in the world is in this way divided into 
three kingdoms — animal, vegetable, and mineraL Take 
one of these kingdoms — the animal, for instance, to 
make the divisions clear — and we find it divided into 
four grand divisions. The lowest of these is the Ka- 
(liat(^s ; that is, creatures that have no backbone, but 
whicli are formed by rays going out from a centre, 
liko star-iisli and coral poly[)S. (2) The MoUusks, or 
sh(^ll - fish, like oystei*s and clams. (3) Articulates, 
insects ; and (4) Vertebrates, things with backbones. 
Under tliese divisions come what are called classes. 
Under the backboned animals are four classes : fishes, 
reptiles, birds, and mammals. Under the classes are 
orders ; under the orders, families ; under the fami- 
lies, genera ; under the genera, species ; under the 
species, varieties. To make it simpler, and to have 
something to look back to if you are in doubt, I will 
write these in a list just in the order in which they 
come. By the side of these divisions I classify you 
to give you a notion what it means. I do not know 
your name nor where you live, but I shall just imag- 
ine that your name is John Smith, that you hve in 
New York, and belong to the white race. 



A Stitdt/ of Bones. 
John Smitli belongs to : 

1. Kingdoms Animal kingdo 

2. Divisions Mammal <Jivisl( 

8. Clitsses Human class. 

i. Orders CnucBsiau, or white, order. 

5. Families Amerioao fsmily. 

6. Genera New Yorit genera. 

7. Species Smitb species. 

8. Varieliea John variety. 



Of course this is not correct, but it is near enough 
the truth to make it easy to understand what is meant 
by classifying an animal or plant. 

This arrangement into these divisions is not merely 
made for use — ^though it is very useful — it is rather a 
finding out of a truth than the invention of a system. 

When geology began to be studied, it was gradually 
found out that beings had come into existence— that 
they were found in the rocks — in almost tlie same or- 
der in which scientific men had already arranged them. 
Science is not the making up of a system, it is the dis- 
covery of something that already existed. 

George Cuvier. a Frenchman who lived and labored 
about one hundred years ago, made a general study 
ie found that between the different bQnf«_ 
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in animals' bodies there is a curious relation ; so that 
when one bone, Bay a tooth, is different from the usual 
form, you may expect to find the foot different too. 
We do not understand the reason why this should be 
80 ; we only hud that it ia so as a matter of fact. 
"When such factH as these are found to exist always, 
they are written out in a short and general form and 
are called natural laws. 

By studying the great number of skeletons of ani- 
raaia which still exist, Cuvier was able to find out 
what parts changed together ; that is, he found out 
the rule which God had made for himself in creating 
life. After long years of such study, Cuvier could tell 
just what animal a bone belonged to when he saw it. 
This knowledge was a wonderful help to him when 
he began to study the bones of unfamiliar animals^ 
the bones dug out of the rocks. He did not have all 
the bones of any one kind of animal to fit together 
hke the pieces of a dissected map. He did not even 
have all the bones of a large number of animals to 
arrange. If lie had, the puzzle would have been only 
like a great many hai'd dissected maps, all jumbled up 
together, wluch he had to sort out and put togetlier 
^coiTBctlj. This wo\M ^la.'ife ^Jgfe'a ha.«l enough^ but 
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his puzzle was harder still. He would have one bone 
from one animal, and another from another animal of 
a somewhat different kind, and from these he had to 
make out what both kinds of creatures from which 
they came were hke. 

In his ovra words, translated : " Mine was the case 
of a man to whom had been given the imperfect re- 
mains of some hundreds of skeletons belonging to 
twenty sorts of animals. It was necessary that each 
bone should find itself alongside that to which it had 
been connected. It was almost like a small resurrec- 
tion, and I hail not at my disposal the all-powerful 
trumpet ; but I did have the unchangeable laws by 
which living beings were created as my guide, and at 
the voice of the anatomist each bone and each part of 
a bone took its place." 

If you take notice, you know something of this 
yourself — that animals which chew the cud, like cows, 
and have a peculiar kind of teeth, also have cloven 
hoofs. Darwin has carried this study further even 
than Cuvier did. He studied all the different parts 
of animals and theii" relations to one anothei\ He has 
made some very curious discoveries in regard to such 
Relations, for example : White cats with blue eyet 
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sure to be deaf; and young kittens, so long as their! 
eyes are blue, are also deaf. Some South AmericatL'l 
horses, instead of straight hair, have curly wool ; and! 
these horses have mules' hoofs, Angora goats, wheiu 
they have long, curly hair, have long horns ; while thai 
hornless ones are found with short hair, A greatj 
many curious things of this kind have been observed.! 
You can see that in finding out about animals from'f 
their bones, certain of these relations must often I 
of great assistance where all of the bones of any ( 
the animals he was trying to understand, or " reatore,"J 
as it is called, had not been discovered. 



CHAPTER xnr. 

THE DA iVN OF LIFE. 

After the terrible storms and earthquakes and vol- 
canic fires had done their earliest work in building up 
the world, a quiet settled down upon the earth. Tiie 
hot rains that had for so long been pouring down into 
the hot seas became gentler. The heavy clouds which 
had hung like a pall over the face of the earth some- 
times lifted, A watery daylight shone faintly over 
the waste and desolate seas, and showed the bare 
and jagged rocks of the new-bom continents and 
islands. 

Under the surface of the still water of the seas and 
the lakes faint stirrings of life began. The iirst liv- 
ing things were very simple beings — little more, in- 
deed, than formless masses of jelly, such as may be 
found on sea-bottoms nowadays. Such beings might 
have lived by millions, and died and left no sign, as 
they are doing at the bottom of the Atlantic Ocean 
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to-day, as they would naturally be easily crushed out 
of shape, destroyed, and washed away. 

Some of them, however, vegetable as well as animal,. 
have horny or chalky or glassy shells. Though the 
living parts quickly disappear, the shells last for i 
long, long time. We might expect to find tracra of 
such shells in the rocks that formed the ancient sea- 
bottom ; and so we do find them here and there, but 
very few and very far between. 

"No history is able to write its own beginning.'*' 
All the eai'liest histories of different peoples are coo« 
fused and dim ; this is true even of America. "Wliei 
we go back to its real beginning — long before the p 
pie of Europe came over and settled it, and before evei 
the Indians they found Itere were living — mighty na 
tions occupied the land. "We have no written historic 
of these people, but we know they lived here, becaue 
we find on the Western plains curious mounds whid 
they raised, and on the cliffs in the mountain countriej 
still farther west wonderful dwellings built upon ani 
cut into the rocks. We do not need m-itten words ti 
tell us that hfe once existed there ; the cliff dwelling! 
tell us that plainly enough. 

Just so in the rocks Vbai.\. wete once at the I 
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of these old soas wo find the dwellings — the shells — 
I which the earliest life was Iioused. Wiiat sort of 
life it was we can only judge by studying the life like 
it which exists now, and by guessing out the secret 
slowly as our knowledge grows. 

A great deal of this scientific guessing has to be 
done in searching out the truths of nature. I want 
you to see just what sort of guessing it is. The first 
trace of a living creature found in the lowest rocks is 
certainly an animal, or colony 
of animals, whose shell has 
been enclosed in the mud, 
which has hardened over it, 
and preserved it for millions 
of years (Fig. 47). And yet, 
in spite of our knowledge of 
this fact, we guess that plants 
were created before animals. ogj.' 

Why? 

Because from a careful study of plant life we find 
that plants have a power possessed by nothing else, 
the power ot feeding on minerals, of hving and grow- 
ing with no other thing to feed upon but earth and 

r and water. Those were just the things to be found 
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on our eartJi at first. Animals have life too. but th^ 
cannot feed upon minerals alona Besides the air and 
the water, and salt and some other minerals, they mast 
have as food something that has been alive — ^veget* 
bio or animal food. 

You see, then, why we guess tliat plants came first: 
because, as the earth then was, the food for plants was 
there, while, till the plants had come, no food for ant 
mats existed. This is no wild and foolish guessing) 
but a sober conclusion reached through knowledge. 
I have been so very particular about this because 
many people who are ignorant of geology ^ that i% 
the science of earth-making— are fond of siieakiug o 
it with contempt, calling it mere guesswork; and I 
want you to see just what sort of guesswork it i 
Without this kind of guessing the world would still b6 
in darkness on most subjects worth knowing. Th( 
only danger in the matter is when the ] 
insisted upon as facts proved to be true. 

The vegetable life in the sea-bottom is very differ 
ent from anything we usually see. The plants there 
are often mere lumps of greenish jelly, but they havB 
t!ie power that belongs only to vegetable hfe, of trans 
forming the minerals, earth, and air, and water, iaJ 
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/Some material like that they are composed of ; that ia, 
ithey live and pww, feetling on miaerals alone. Things 
that are alive, high or low, animal or vegetable, show 
"that they are alive by doing something, and show 
■which they are by what they do. Minerals and met- 
uls never do anyrhiug ; they are acted iij>on and 
'changed, but they have no power to work changes in 
Other things. Tha,t power is something wonderful 
saA mysteriona, and we oaU it life. All things into 
■which God has breathed this power are called organic, 
because they have organs by which they live and grow. 
The rest of the things in the world are i/iorganic, not 
organic. 

The vegetable life that came first was all in the wa- 
ter, but it was just the sort of food necessary for the 
ifirBt animals, which also Uved in the water. The two 
^ved side by side; you could not tell one from the 
lother, they looked so much and seemed so much alike. 
The only way you could tell was to wait and see what 
i^eaxsh would do. 

• After a while these simple jelly-like forms were fol- 

'.ilowed by a higher kind of vegetable life. Delicate 

plants floated through the waters (Fig. 48), and 

tera imprisoned in the rocks, where they are found 
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to-day. Masses of sea -weed growing in favorable 
spots have been enclosed in solid blocks of stone (Fig. 
), besides raimy other soft and delicate water-plants. 
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The way being paved for them, many eurioas ani- 
mals also had begun to fill the waters. All very sim- 
ple, though some were much larger than anything of 
their kind living to-day. Each age since life came 
upon our globe seemed to belong to a certain class of 
being, beginning with the lowest, and growing higher 
and higher. This time might almost have been called 
the reign of jelly. As higher kinds of beings came in 
tJiej did not push out the lower, the jelly-like animals 
[ and planta esisting in gceaX nvaiJogra %v.\!J^ao that tht j 
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whole sea-bottoms are covered with tliem; but the 
lower and simpler life seemed to sink into less impor- 
tance when a new reign began. 

The most singular creature in the old seas, which 
might almost be called the king of the jelly kingdom, 
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was a queer three -lobed shell -fish. It is known to 
have had legs, because its nearest of kin living now ia 
formed in somewhat the same way [T'^ig. 51). 

Beautiful star-fish (Fig. 50) swam through the waters 
tliese aeas ; lovely corals (Fig. 52) crowded the bot- 
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toms, and slowly grew' 
towards the light; tall 
and graceful stone-lilies 
shot upward through 
the water; gigantic 
sponges and queer 
plant-like creatures call- 
ed grapholites grew in 
great numbers (Fig. 4S). 
These, though in many res]>ects seeming to be plants, 
are really animal forms. Shell-fish too, in great vari- 
ety, lived and die<l in those old days. 

The climate, judging from the creatures that li« 
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then, must have been rather warm all over the world ; 
the heat from the earth \vould help to keep the waters 
warm, and the clouds of mist wrapped the earth around 
like a blanket, and \vould not let the heat all escape. 




Though the waters were teeming with life, the land 
remained desolate. Bare rocks and barren sands stood 
out of the dark waters and under the lowering sky, 
Not a spear of grass, not a bush, nor tree, nor flower 
ived the barreD, lifeless stretchy, but the time waft 
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drawing near when the earth should be clothed with 
beauty as with a garment. 

The soft and formless beings that filled the waters 
were not living for themselves alone ; they were also 
prei)iiring the world for the higher and nobler life that 
was to come. 

AVe have only been watching the dawning of life 
Avhich had been gently stealing upon the world, but it 
was as imi)ortant to the full life that was coming as 
is the dawn of every new day which ushers in the sun 
with all the attendant beauty and stir of a full-pulsed 
life. 




About this time the world was very wonderful, and 
filled with strange inhabitants. The sun's I'ays, still 
strnggUng through clouds of mist and banks of fog, 
shone upon wide, shallow seas. Here and there the 
roll of the waves was broken by bare, jutting rocks, or 
by low, flat mud-banks. The sun baked the mud, and 
it dried and cracked and war^ied up in the heat, till 
some day a loud rumbling would be heard, the mud- 
bank crumble up and sink beneath the water, and the 
waves roll on unchecked over the spot. Somewhere 
else, before long, another mud-bank would arise, bake 
in the heated air, crumble away, and disappear. 

The inhabitants of this world all lived in the water. 
They were the flower-like coral animals which slowly, 
year by year, built up circular islands from the beda 
of the shallow seas, or lowly, palpitating jelly-fish, 
dragging their long ribbon-like arms after them, or 
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star-fish, or creatures living protected, as our clams 
and oysters do, between two hard shells. One thing, 
and it is the commonest kind of thing in our world, 
was n(^t to be found then, and that is a backbone. 

This period followed the dawn of life upon the 
earth ; the creatures that now appeared were not 
only hirger, but a higher kind of being. 

You know very well, if you ever noticed at all, 
when you wi^re carefully taking the bones out of a 
piece of shad or other fish before putting it in your 
moutli, tluit a backbone is really made up of a num- 
ber of separate bones neatly fitted together, to which 
the otlier bones are attached. These separate bones, 
making up the backbone, are called vertebrae. The 
lower forms of life — those which have no backbone — 
are classed together, and called invertebrates ; the 
higher are called vertehrates. 

The old world we have been trying to picture was 
only our world before it w^as " grown up." Fire and 
water and ice had not yet finished their part in the 
work of world-building ; but all the while it was mak- 
ing ready for higher kinds of beings, and slowly, one 
by one, these beings came into existence. There are 
places heie and there in our world nowadays that look 
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very much as every part of tile earth must have looked 
then. Hugh Miller — the poor Scotch boy you read 
about iu Chapter II. — has studied this part of the 
world's history very patiently and carefully. He saya 
that, looking off from the rocky, barren coast of the 
western part of Scotland, you see only bare rocks cov- 
ered with dismal sea-weed, clump.s of it growing on 
the rocks that are washed over by the waves, long 
floating streamers rising and falling with the tide ; 
shallow sheets of water, whose beds are covered with 
other kinds of green water-weeds and shells. All this, 
he says, is very much what any part of tlie earth would 
have shown in the days before the fishes began their 
reign. 

But the dawn of life which first glininieued in these 
ancient seas did not go out in dai'knesa, it did not even 
stand still, but grew more and more into the perfect 
day. It became stronger and spread wider, tilling the 
seas with hundreds of new forms of life, and thousands 
upon thousands more of the old forms — corals and 
star-fish and shell-fish ; and then came the creatures 
with the backbones, and the reign of the vertebrates 
had begun. Fish are the lowest of the vertebrates, so 
tilery ctime first. The geologic fish were like, and yet 
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I unlike, the iisli we now find. Curious creatures, some 
[ of them, wearing, like the knights o! old, heavy hel- 
f mets, or even a complete suit of armor, to protect them 
against other mon- 
strous armed fish , with 
wliich they lived in per- 
petual warfare. 

The wing-fish (Fig. 
.^3) wore on its head a 
heavy helmet, with two 
holes for the eyes ; the 
body was covered ^vith 
a coat of mail made of 
strong plates, and the 
iig, 03.— n is(. Ytm. ^^^ ^^^ protected with 

Fron,Lyeir»"EIera«al6orGcoli.Br." /^ 

a flexible armor oi bony 
scales. The tail, whicli could scull the animal along if 
-necessary, also served as a rudder if he decided to use 
his paddles to carry him through the water. These 
were two long arms that projected from each side of 
bis head. 

Three kinds of mailed fish are given in Figure 54. 

No. 1 has the upper part of its body incased in armor; 

^o. 2 has plates of bone protecting its whole body ; 
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ivnd No, 3 wears a queer lielmet, made of a single bone. 
Some of the singular scales out of which the armor is 
made are given in Figure 55. One of the great mailed 




fish of that time was as largo as an alligator ; the hel- 
met it wore would cover the front part of an ele- 
phant's skull, and was thick enough to turn aside a 
muskeUball. Though this was truly a fish, it had the 
jaws and teeth of an alligator. 

it""'"*"""""""" 
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reel sandstone. Perhaps it will interest you to Imow 
(as 1 i-enieinber it ioterested mo when I first found it 
out) tliat thi« brown stone of which so many houses 
and churches lire built in tliis countrj% jmrticularly in 
New York City, is old rai sjindstone. It is wonderful 
to think that many of the blocks of stone which forni, 
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perhaps, our own homes hold within them curious fish 
and shells that lived in these old seas. Hugh Miller 
tells us of what he found among the rocks of that day, 
which showed how full the sea was of fish, and how 
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suddenly sometimes whole armies of them were over- 
whelmed and killed by the sudden upheavings of the 
earth's thin crust. He says that he found what he 
calls "one of those plat- 
forms of violent deatli for 
which the old red sandstone 
is 80 remarkable :" the layer 
of rock laid o]jen by his 
hammer was covered with 
the remains of a whole fleet 
of mailed fish, some of them 
still twisted and contorted 
as in their dying agony. 

Though Jish were the 
reigning kind of life in this 
tliCTe were other creat- 
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ures still more beauti- 
ful and curiotis. Along 
the shallows near the 
shores of the sea grew 
gi'eat gardens of stone- 
lilies. These are won- 
derful creatures — an- 
imal, not vegetable; 
they are cousins of the 
star-fishes, but they are 
ebajied something like 
a flower, and grow 
upon stems (Fig. 58). 

The land, too, began 
to show signs of life; 
the sea -weeds and a 
few mosses which had 
been all the earth 
brought forth gave 
place to singular 
plants, which grew to 
the size of trees. Fig- 
ure 59 shows a sort of 
g?«?o-TaKft&^'«faifih loolai 
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more as if it bad been draivn upon a slate by a very 
young artist than something that had ever grown 
and borne fruit as curious as itself. Enormous reeds 
shot up through the marshy soil, sending out feathery 
shoots that made them look like giant trees. Forests 
of slender stems bearing star-shapetl drooping leaves 
covered the mud-banks, and mighty ferns lifted their 
fronds to the height of many feet. 

There \vere a few trees too, whose rings, which can 
still be counted, tell that they were a hundred or more 
yeai-s old, and give us a hint that in those old days there 
were summer and winter, seed-time and harvest, as well 
as now. You know that the rings which show in a 
stump of wood show the age of the tree. Each ring is 
made up of a layer of loose, soft wood, and one of hard 
wood next it. The loose, soft wood grows in spring and 
Bummer, and the close, hard wood in full. and winter. 
T'rom this we can tell that each year had a season of 
growth — summer — and a season of rest^winter — and 
just how many years the tree lived. 

The age that is to follow is one fidl of marvels, and 
here and there in the time we are speaking of we 
oatch a hint of the coming beauty and glory breaking 
through the desolation that had so long held sway. 



CHAPTER XV. 
THE REION OF PLANTS. 

Down deep in the earth, hundreds of feet below 
the surface, may be found strange cities, roofed over, 
walled in, and pillared with what looks like jet-black 
stone. IS'o light reaches the narrow streets, except 
here and there where a flaring lamp stuck into a sock- 
et in the wall makes a circle of brightness around it, 
or a tiny flame, imprisoned in a wire cage, and worn 
in the front of his cap by each of the dwellers in this 
underground world, sends out a slender flame to light 
him on his way. 

This curious place is a coal-mine, which has been 
slowly dug out by men who toiled there day after day 
and year after year, away from the light of the sun 
and God's beautiful green earth. 

I want you to go back with me, in imagination, to 
the times when the coal was making. We must go 
back more years than we can even think of to do this. 
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It was after the reign of the fishes ; the land then 
existing was only low mud-banks and barren rocka, 
where a few plants and trees were growing. Most of 
the globe was covered with water, ceaselessly beating 
Opon the desolate shores, 

A death-like silence hung over the dreary land and 
sollen waters. No insect's hum or bird's song broke 
the stillness of the air. The sounds that might have 
been heard, if there had been an ear that could listen, 
:were sounds of destruction and death rather than 
sounds of life. Tbe heavy muttering of the storra, 
the sudden claps of thunder echoing through tbe hol- 
low air, the crash of eartliquake and volcano, and then 
silence again, marked by the monotonous roll of the 
■es, as the silence of night is marked by the regu- 
lar tick of a clock. 

It almost seemed as if the earth, in spite of the 
beat, hati not yet been released from the death-bke 
spell of winter. But at last a new life was beginning 
to wake. Almost as spring comes to us each year 
this awakening came to the bare and desert land. 
Cannot you look back upon last winter and remember 
liow long it seemed ?— how you waited and watched 
tor the spring so eagerly and impatiently tha,t 
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seemed as though it would never como? At last, 
when you had almost begun to despair, there carae a 
few soft, warm days, and the niiracle of nature was 
wrought. The whole air was full of the whispers of 

the coming leaves, murmuring their gladness as they 
burst from their dark prison-houses in the rough 
., and pushed their way out into the air and 
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Now that the spring had come to the world, after 
milli ons of years of waiting, it brought a wonderfnl 
and brilliant life. The excessive heat and moisture 
together maxle of the whole land one great green- 
house. The plants grew to a gigantic size. The 
swampy ground brought forth huge roeds that reared ' 
themselves forty or fifty feet high, and were clothed . 
with masses of feathery leaves. Ferns shot up tall 
trunks crowned witii foliage like ])ftlm9. Singular 
trees, unlike any living now upon the earth, whose 
trunks looked like carved columns of wood, filled the 
forest, and must have given it a most peculiar look. 

In this ideal landscape the trees and plants that are 
known to have made up the coal forests are shown. 
In the water on the left of the scene are two things 
peeping up that looV liVe aa^va^gsa U^. Then 
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the growing ends of the reeds that are going to make 
great trees. In the middle and to the right are some 
singular round balls with long fringed arms lying out 
on the water. These for a long time were a great 
puzzle to geologists, till in. some of the coal-beds they 




were found to be the roots of the carven stems near 
them. The marking on the stems was also found to 
be Bears left by leaves which had fallen off ; but the 
plants that were most common and grew most freely 
were ferns, both tree and creeping ferns. These plants 
•ere all found in the swamps ; at the same time on 
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tlie rocky lands a few evergreens hati sprung up, 
which were sometimes carried down in the freshets 
and packetl among the living plants of the swamps. 

It seeiiia a wonderful leap to make from soch & 
dense living forest as this to a seam of solid ooal, ly- 
ing between layers of stone, hundreds of feet nadet- 
ground, and so it would be if we tried to take it in 
one junii). But we are able to trace the change 8t«p 
by step from wocxt to coal almost as perfectly as we 
can the wood that is stacked, and covered in from the 
air, and slowly heated till it turns into charcoal, m 
the charcoal-burner's pits. 

Do you i-eraember anything about the ^wat-bogs we 
were examining in Chapter VII. — how the leaves And 
stems of plants, and oven stumps and logs of wood, 
sunk in the swampy waters, instead of turning to dust 
and blowing away, as they would have done in the 
air, were packed down and gradually changed into a 
black, pasty mass, and that this mass when dried 
would burn? Well, peat is the first step that wood 
takes in its change into coal. 

Coal is nothing but wood — leaves, stems, roota, and 
trunks — which under water, and by means of heat and 
pressure, has slowly changed its form. A coal fij?e b^' 
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after all, made from wood, but wood that grow mill- 
ions of years ago, and was packed away and kept all 
that time underground, while a wood lire comes from 
last year's forest that was cut and for a few months 
perhaps stored away to dry. 

We can find in different parts of the world fuel in 
all its various stages of change from wood, through 
peat and brown coal and soft coal of various kinds, up 
to hard coal. Two other things that we do not think 
of as coal form links in this chain of change. Jet, out 
of which jewellery is made, is one form of soft coal, 
and graphite, that makes the best lead for lead-pencils, 
is the hardest of the hard coals. 

A piece of common coal ground down into a thin 
slice shows under the magnify ing-glass just the soi't 
of cells that a piece of wood cut thin and even will 
show. Perfect leaves are often found in coal, with 
every vein distinct; and in some coal-mines great tree- 
trunks of solid coal, embedded in coal as solid, have 
been found (Fig. 63). 

You remember the sudden changes in this old world 
were something like what liapi)ea now, only more vi- 
olent and mora swift. The coal swamps lay usually 
tear river -moaths. Besides the leaves and fallea 
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trunks from the forest where they grew, the river in 
its uprising would carry down masses of logs and up- 
rooted trees, and pack them in among the liring 
plants, and over all would settle loads of river mud 
and sand brought down by the freshet. Something 
like this is going on at the mouth of the Mississippi 
and other rivers now, and peat-bogs are forming there 
as the coal-beds began to form so long ago. 

Coal seauB are Urge, flat layers of coal pressed be- 
tween layers of various kinds of rock. Usually there 
are many layers of coal with layers of rock between, 
like a natural jelly-cake, the jelly being the coal, and 
the cake the thick rock between. Each layer of coal 
represents a buried forest, and the layer of stone just 
under it is crowded with the roots and stumps stand- 
ing just as they grew millions of years ago. In 
Wales, in one place, there are one hundred layers of 
coal, with rocks between, one on top of the other, for 
over two miles deep. 

Though plants reigned in the coal - measures, the 
waters were not empty of animal life : great flsh 
swam about in the waters, beautiful corals clustered 
on the rocks near the sea surface, star-fish and stone- 
Uhes, shell-fish and lobster-like creatures, dwelt in the 




A few insects had begun to flit about over the 

surface of the watei', and enormous lizards made their 

appearance. Clumsy footprints on the sandstones 

;. 63) show where they have lived and swarnu 
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and singular skeletons leave in the rocks a record of I 
their deaths. A new and higher life had begun in the I 
animal world while the coal forests were growing and J 
perishing and being packed away for future use. 

After the end of this iieriod the earth, with its great 1 
beds of forest and forming coal, suffered terrible con- f 
vulsion. Again the crust was thrown into wrinkles. | 
The mountains of our Eastern States were thrown up;! 
at that time, and then the water began wearing tKem 1 
down. The animals and plants of the coal period be- 1 
gan slowly dying out. It was like the twilight of thea 
day that hail da\rned so long ago ; but it came before 
a time of comparative rest, and the dawn of a new 
day. 




The expression " striking oil " is siich a common, 
every-day phrase that we hardly stop to remember 
"what it really means, and yet thirty years ago such a 
term was never used, for the very fact that gave rise 
to it did not exist. 

A hundred years or so ago a curious sight might 
tave been seen in the Indians' country of western 
Pennsylvania. Early in the morning one of the 
squaws woidd carry a dirty blanket down to the 
borders of the stream. A natural conclusion would 
be that she was about to give her blanket a much- 
needed washing. But no ; instead of dipping the 
blanket in the water and rubbing and squeezing and 
.wringing it, she merely flings it out on the surface of 
the stream, and when it becomes soaked draws it tow- 
ards her and begins carefully squeezing out the liquid 
that it has caught in its meshes into a gourd. The 
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observer begins to catch the idea. It is not a clean 
blanket tliat she wants, but the disagreeable, ill-smedl- 
ing, greasy scum that floats upon the surface of the 
water. 

In this simple manner and by these queer means 
the Indians of that time collected oil, not to give thera 
light, but to be used as a liniment to rub their pool 
joints when swollen with rheumatism. This was the 
old savage way of " striking oil ;" for this oil gathered 
was petroleum, which is now so commonly known a» 
kerosene, but was then called " Seneca oil," and used 
only as a medicine. 

A certain Colonel Drake, who had a farni in that 
part of the country, came to the conclusion that some- 
where in the earth was to be found a reservoir of oil,, 
which he coidd reach by digging for it. He believed' 
that the oil which oozetl out of the rock and made A 
greasy scum on the Oil Creek waters came from some* 
where, and that somewhere he meant to discover. His 
neighbors amused themselves by laughing at ijira and 
joking him, much as Noah's neighbors did when he 
was building the ark. Their tune was changed, how- 
ever, when in the summer of 1859 Colonel Draka 
" struck oiL" In the course of four months Drake' 



■iiii 



well had poured forth two thousjind Ijarrels of oil. 
Then the nation took the oil fever. Speculators rush- 
ed in, new wells were dug, and the once desolate 
fields bristled with derricks. 

Before Drake's well was du^, manufactoFies were 
in existence in wiiich oil was distilleil out of coal, and 
called coal-oil. Petroleum was found to he so like 
this substance that it too is often called coal-oil, and 
supposed to be distilled in the great workshop of 
nature out of coal. But that idea is incorrect. It is 
not made out of coal, but it is closely connected with 
coal in this way, that both coal and petroleum are 
made from the plant life of the past, which in the 
course of ages has been changed into these two sub- 
stances. If coal-oil were made out of coal, it would 
be found near the great coal-beds. This, however, is 
not always, not even usually, the case. 

We have seen how the coal-beds were formed by 
'the great swamp forests, which, under fiiish -water 
'and by means of great heat and pressure, were turned 
into coaL Oil, it is thought, is formed by the softer 
plants, sea -weed and water-plants, which have been, 
under salt-water and at a lesser heat, distilled beneath 
the surface of the earth. The oil being formed in the 
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water, of course floated on the top. Sometimes it 
soaked into porous sandstone, sometimes it ran int« 
holes and fissures of the rocks. Usually it is found 
associated with the salt-water under which it was 
gradually formed. 

I have said that oil is distilled out of plants ; it igi 
also distdled in much the same way from the animal 
life of the past ; but we probably owe most of what: 
is sold to a distillation of plants. The rocks of many- 
periods, besides that when plants grew in such enor* 
mous quantities, are fuU of od. In the coal-beds, yoo 
remember, we found every kind of coal showing the 
gradual change of vegetable matter into coal — fronf 
peat through soft coal to hard coaL In tlie same way 
petroleum is found in all the different forms it takes 
on in its change — light oil, heavy oil, bitumen, and 
last, it is thought by some, diamond. If a great mass 
of vegetable matter is heaped up and left, and after ft 
while examined, in the middle of it is found an oily, 
tarry substance, like one of the forms of petroleum— 
bitumen. 

With the oil and tlie salt-water in the underground i 
pools there is found a quantity of gas formed froml 
the petroleum. And it is this gas, which is very madil 
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squeezed up, that makea the oil spout up when a bor- 
ing reaches the reservoir. When water and oil and 
gas exist together in the same crevice of the rock, the 
water, being heaviest, will lie at the bottom; on top 
of that will be t!ie oQ, 
and above both of them 
the 8queezed-up gas (Fig, 
64). 

Now you can see tliat 
if a well is dug at A, the 
crowded-up gas will force 
up water in trying to get 
room for itself. After 
the water has all come 
up, if the gas is still very much compressed, the oil, 
which has run down to B to take the place of the 
water, will follow the flow of water. If the power 
of the expanding gas Las gone, the oil must then be 
pumped up. If, however, the well has been dug at 
C, gas comes up, and oil must be pumped up when 
•ihe gas has all escaped. 

Natural gas is used to a great extent to light and in 
part to heat great cities in the coal and oil districts, 
jough the supply must soon give out, but 
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as ii matter of fact it seems to be nearly imdiininishad 
in places where the wells hiive been blowing off ga8 
for nine yours. And if it should give out, tLe pipea 
being all laid, it is possible to make a kind of cheap' 
gas at the mines which can l)e carried and used as the 
natural gas lias been. 

The oil is certainly failing in the old fields. New 
fields may of course be found, and probably will ; f<^ 
the oil tliat has been burned all over the world tintil a' 
short time ago caiae mainly from a strip of land only 
one hundred and fifty niilee long, and from two to 
twenty miles wide. But of late years there has been 
a wonderful discovery of oil in Eussia, where weSIs 
have spouted the incredible amomit of fifty thousand 
barrels a day 

The great works that used to distil coal-oil have 
been turned into refineries of petroleum (Fig. 
After the kerosene has been made, a thick, tarry, dis- 
agreeable stuff is left. This looks like the most hope- 
leas sort of material for any use, but out of it are] 
made our modem '■ wax " candles, '• wa^ " matches, and 
even some sorts of candy and chewing-gum. Anothej 
of the materials left when the kerosene is taken oi 
is made into beautiful dyes — colors that were nev| 
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seen in old times. Unfortunately these colors do not 
hold like the simpler old-fashioned dyes, but often fade 
out, or, what is worse, fade into very ugly tints. 

Much of the oil is brought fi-om the region where it 
is found in curious tank cars, but some of it is pumped 
through pipes three hundred miles long, from the 
mines to the refineries. Beside the track of the Cen- 
tral Railroad of New Jersey such a pipe runs. If you 
ever chance to go over that road to Long Branch or 
Philadelphia, or to some Jersey town near New York, 
notice this pipe, and you may hear the oil from three 
hundred miles away give a thud, thud, as it is pumped 
into the reservoirs at Bayonne. If you look to the 
eastward, about six miles below Jersey City on this 
road, you will see a branch track curving off to New 
' York Bay. where it ends m a forest of masts and fac- 
tories and great oil tanks. Many a time you may see 
from New York the whole heavens aWane with the 
fire from a tank that has been struck by lightning or 
has caught on fire some other way, 

A still more wonderful sight, however, is to see a 
natural oil well ablaze. One of these wells at Cherry 
Grove, Pennsylvania, in the summer of 1882, was 
-sending out oil at the rate of a thousand barrels a 
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day. By some accident it 
took fire, and for fonr days 
and nights it sbot up into 
the air a blazing fountain, 
breaking into millions of 
fiery di-ojjs, the great col- 
umn of fire swept here 
and there by the passing 
winds. The fire at last 
was quenched by shoot- 
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ing oflf with a cannon-ball the top of the tube out of 
which the oil was spouting, and plugging the pipe 
below the blaze ; but some of these wells have gone 
on burning till all the oil which they contained has 
been consumed. 
12 




Ih the Holy Land there is a great cleft which rnna 
north and south, and ends near the southern part of 
the country. Just before the end it dips deep into the 
earth, more than a mile lower than the level of the 
Mediterranean Sea, not far away. Through this cleft 
flows the river Jordan, and the deep gouge into the 
crust of the earth is the bottom of the Dead Sea. This 
sea, called in the Bible the Salt Sea, is one of the most 
curious bodies of water on the face of our earth. If 
you came upon it in your travels it would not seem so 
wonderful. Under the briglit sun of Syria you would 
see a beautiful sheet of blue water rippling under the 
breath of the breeze, bounded on either side by bare, 
rugged mountains, with scarcely a blade of grass or 
tree to break the solitary, barren grandeur. It is not 
horrible and greasy to the look, nor disgusting to the 
smell, as many old writers used to say — ^though the 
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shores are covered with a brown, pitchy snbstance 
called asphaltum, and great masses of salt aud sul- 
phur and gypsum, or plaster of Paris. 

The water is so heavy with these substancea that a 
man can scarcely sink in it, but wiien he tries to swim 
win find himself almost out of the water, and his feet 
kicking in the air. A curious old writer, who visited 
the Dead Sea before Columbus discovered America— 
in fact, more than four hundred years ago — says, " It 
is called the Dead Sea because it does not run, but is 
ever motionless. . . . And you shall understand that 
the river Jordan runs into the Dead Sea, and there it 
dies, for it runs no farther," 

In this sentence he tells us the secret of the sea. 
The river Jordan does run into the salty lake, hemmed 
in by high mountains on both sides, but there is no 
Tvay for the water to get out. 

Tou know when water is put in a shallow vessel it 
■will dry up ; that is, it will pass into the air in an in- 
visible steam, or vapor, and the vessel will be left dry. 
If you take some water in which a great deal of salt 
has been melted and let it dry in the pan, the water 
will dry away, leaving the sa.lt behind. Suppose every 

ty from your pan of salt-water ten spoonfuls of water 
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dried away, and you each day put nine spoonfuls of 
fresh-water into it, there would be at the end of eacfa 
day a httle less water in the pan, and it would be a 
little saltier to the taste. Now, this is just what hap- 
pened to the Dead Sea. In the first place, the S' 
probably an arm of the Mediterranean, which was coi 
off from it by the lifting up of the land betwei 
This salt lake would soon have dried up, leaving a 
flat cake of salt where its bottom had been; but 1 
river Jordan pours into it " and dies," as old Sir Johi 
saya ; but in dying it leaves in the water of the e 
all the dissolved earth and salt and other things it had 
brought down in its current. More water dries out 
of the sea each day tlian the Jordan and other river* 
bring to it ; bo the sea for long ages has been slowljr 
shrinMng and growing saltier. Along the old sei 
margins there are cakes and blocks of salt, as well a 
asphalt and sulphur, left by the retiring water ; am 
at the bottom of the sea crystals are forming and g 
tling down from the intensely bitter salty water. 

It has been long Ijelieved that the Deatl Sea covei 
the cities of Sodom and Gomorrah, but that is a mere 
guess. Tliat the cities were to the north of the s 
I?ei/eved by people who have studied it very caEolu) 
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antl the " aliuie-pita '" mootionecl in the Bible were pile 
of ;tsphaltuni or bitumen. Yoii remeinbep that I told 
you in the chapter on oil that it was distilled from 
vegetable matter under saH-water. Thia asphalt i^ 
only one of the harder forms of oil, and here we find 
it close to the beds of salt. 

There are other salt lakes in the world something 
like the Dead Sea, but none that are so curious or in- 
teresting. The Caspian Sea is a sea without an out- 
let; but from wliat we can find about it by studying 
its shores, it may never have been a part of the great 
ocean, hut formed and made salty by the drying up 
of river-water age after age, leaving the settlings to 
accumulate till the water of the Caspian is salty. It 
is plain to be seen that the Caspian has shrunk a great 
deal owing to the same fact that has caused the shrink- 
age of the Dead Sea, that more water is lost by drying 
.than is gained hy the river's tribute. Still, with a.U this 
loss of water, it is not so salty as the Mediterranean. 
[This is one of the reasons it is not thought to have been 
tan arm of the sea cut off, thougii it is not ipiite certain. 
Great Salt Lake, where the Mormons live, is a sea 
Jike the Caspian, mainly nia<le by the rivers that emp- 
It and pass away in vapor. Ages ago Lake 
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Ohamplain was part of the sea, and the waters were 
salt; but the fresh-water rivers running into it and 
out again at the lower end have rinsed out the salt 
and left it sweet. 

Salt lakes almost always have other settlings form- 
ing layers at the bottom besides salt. One of these is 
plaster of Paris, or gypsum. This is dissolved in the 
water of the lake, but as the water becomes more' and 
more salty it finally settles; then, as the water gets 
all the salt in it that it can dissolve, salt begins to set- 
tle above the gypsum, and we generally find a layer 
of gypsum and then one of salt, and dirt washed down 
by the summer floods over them both. 

Just as under coal-beds iron is found, so under salt- 
beds gypsum is found. The salt accumulates in great 
masses and cakes. Sometimes it is lifted by fire np 
into mountains ; and at the lower end of the Dead Sea 
there are great masses of salt reaching several miles in 
length, and in some places four hundred feet in height. 
The rain-storms have worn and melted it till it stands 
in buttresses and pillars. At the foot of the hills these 
monuments stand, strewn around with great lumps of 
pinkish salt, soft and slushy in winter, but sparkling 
with brilliant crystals under the hot summer's fnm- 
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In Louisiana, among the low prairies, where Evan- 
line, in Longfellow's beautiful poem, sought her 
lover, there rise five hunijis of land partly surrounded 
by water, called islands. One of these contains one 
of the most wonderful salt-mines in America. During 
the war the terrible want of salt nia<Ie the owner of 
this island dig for it. After digging for days, some 
hard substance was struck, black and solid. It was 
at first thought to be a stump, but a few blows of the 
pick and out flew a pure white piece of salt. It had 
been covered with a coat of black asphalt. It is not 
known how deep this salt-bed is, but no bottom had 
been touched after digging through sixty -five feet of 
pure salt. At one pliuse in Eurojw a mine has been 
sunk for one thousand feet and no bottom found. 

Near where famous old Troy stood are some mar- 
TellouB salt springs. The place is a valley enclosed 
in mountains, colored by the minerals in the water — 
gorgeous reds and blues and yellows. The floor of 
the valley is a variegated crust, through wliich jets of 
iot, intensely salt water come up. In one place from 
.the rocks at the side jets of boiling water spout out 
like fountains at play, and flow away as a rivulet of 
tVLstearaing water. 




CHAPTER XVin. 
THE REIG!f OF REPTILES. 

One summer, about a dozen years ago, I was visit- 
ing Hartford, Connecticut. A nnmber of people me^ 
together every summer in some part of the United 
States, to discuss questions of science. After the 
science is over the members of the association ofteH' 
go upon excursions. 

One (lay during the Hartford meeting the geolo- 
gists and others paid a visit to a very wonderful place 
on the Connecticut Kiver, near Middletown, called the 
Portland Quarries. Quantities of brown stone for 
house - building had been taken out and shipped to 
various places. This quarrying had been going on.: 
for about one hundred years. 

In one place a broad, uneven floor had been left lit- 
tered over with slabs of stone of various sizes. On- 
the broken bits and on the floor were great numbera; 
of the most wonderful footprints, as clear and distinct 
as if they had been made an hour before in wet earthy 
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Some of the tracks were eight or ten inches in length, 
others were not more than four or five. The trtuiks 
looked hke those of gigantic bmis, and were called 
for many years "the bird -tracks of the Connecticnt 
Valley." 

The sandstone quarry had once been the beach of a 
■ shallow sea. Over the sand which had been left wet 
by the receding water myriads of strange creatures 
roamed in search of food. More than fifty different 
kinds of creatures have left a record of their presence 
on this shore, and there were probably hundreds upon 
hundreds of each kind. On this single slab of stone, 
six feet by eight, and dug from one of the quarries of 
the valley, are the trackp of six different creatures, 
inhabitants of that ancient world (Fig. 67). 

Before the footprints had lost their distinctness, the 
next tide, rising and sweeping inland, carried a new 
supply of sand and spread it over the beach, covering 
the footprints and making a fresh, smooth surface for 
new ones. 80 layer after layer was formed, each hold- 
ing the record left of their presence by the visitors of 
tiie day. Slowly the whole mass hardened into stone, 
keeping through thousands of years the marks im- 
>n it when it was yielding sand. 
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The sandstone readily splits between any two laj^ I 
era. When an upper slab is turned over, the s 
footprint is found upon it as was upon the one below" 
it, only the ])rint is raided instead of being hollowed! 




out, just as the sealing-wax on a letter shows the si 
figure raised upon it which was hollowed out on, t 
seal that pressed it. 

The markings so long considered to be bii'd-tracki 
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are now thought to have been made by a strange 
winged reptile with bird-like claws, whose bones have 
been found in the rocks of that time. It is not so 
singular as it may seem at first glance that such doubt 
exists. Keptiles and birds are nearer cousins than one 
would be apt to guess. They are really only two 
branches of one great division of the animal world. 
!Now, it is true, we find them very widely separated, 
but if we could see some of these old-time monsters it 
would puzzle us to tell whether they were binls or 
reptiles. 

These tracks in the sandstone may have been made 
by a reptile-like bird, but more probably they were 
those of a bird-like reptile. 

When a reptile is spoken of, the idea it suggests is 
a snake, as snakes are the commonest of the reptile 
olass in our time and our country. There are, how- 
ever, many creatures living oii the earth now which 
are just as truly reptiles as snakes are ; we may not 
see many of these creatures, but we often hear or read 
of them — crocodiles, and their American cousins alli- 
gators, turtles or tortoises, and lizards. These do not 
form a very imjTOrtant class in the animal kingdom 

\Yfi but there wa£ a time in the world's history whea 
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ttii'y wei-e tlie inlers everywhere, in tho iiir and thft 
sea antl tlie lunti. Tliere were probably more in muff 
l)t'r and iiilU'C in kind llian tiie wurid lias seen beroTK 
!ind since, and besides tlds, they were enormoua^^ 
larger, more powerful, and more dangerous. Mauj 
of tliose creatures were forty feet long, and some 
as much as sixty or seventy feet. 

The re])tiles that rided in the air were utteriy 
like anything we now see. Some of them were tweis 
ty feet from tip to tip of their out-spread wings, 
of them, yoii see (Fig. 69), has just thrown Itimselt 
from a rock in pursuit of a dragon-fly, while his eomi 
panion sits perched above him on the top of the bant.' 

Another of tliese singular creatures may bo 
Figure 70, leaving behind it, as it walks, the prints o(| 
its bird-like claws and sharp tail and tjueer wings. The 
wings, you see, are nothing like a bird's wings; they 
are more like those of a bat, the skin l>eing stretched 
to a bone of the fore-foot from the side of the bo<Iy. 

Terrible frog-hke animals roamed over the land, 
leaving footprints curiously like the impression from 
a flat human hand (Fig. 72). 

The shores of the ancient seas were infested with 
other huge beings something like our aUigat<H«. In 
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ije landscape (Fig. 68) one of these may be seen, in the 
uddle of tlie picture, crawling up on a rock, while 
be huge frog-like reptile is making liis Inmbering way 
iwn to the water, whei-e he spent most of his time. 
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It was the ocean, however, in which most of the 
monsters of that time lived. The waters of its seas 
were lashed into fury by their sports and spoatings 
and battles to the death. Such a battle is shown in 




the pictiu'e (Fig. 71). The larger, to the left, must have 
been a terror to the watery world around him. Not 
content with devouring all the fish and Jlzards that, 
came in his way, he also lived upon the young of hia 
own kind, as the bones found in the stomach of a skel-' 
eton siow. 
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The buge searlizard to the right in the same picture 
was a much leas dangerous creature. At this time 
there existed ci-eatures more nearly approaching ser- 
pents ; these have sometimes readied ,a length of eighty- 
feet. It is possible that some of 
his cousins still exist in the ocean, 
and that they occasionally show 
themselves. There have heen a 
great many stories of sea-serpents 
seen by many people and at va- 
rious times. Most of these are 
undoubtedly sailors' yams, and 
deserve no attention; but leaving 
these out of the question, there 
still remain some that we cannot "Gedioay." 

refuse to credit — one of these, for 
instance, where five hundred people saw the creature 
again and again, and near enough to distinguish its 
eyes; and some of these witnesses were men whose 
■evidence would have been taken in any conrt of jus- 
tice in the land. Not very long ago a strange car- 
cass was caught in the anchor of a sailing-vessel and 
beached on the Florida coast. A storm washed it 
such drawings and measurements could 
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be made as would have settled the question as to 
what it was. Now that people are seriously begin- 
ning to listen to stories of the sea-serpent, we ma^^ 
hope that some day one will be captured, and thea 
all doubts as to its existence and what manner of rep- 
tile it really is will be finally set at resX.. 

During tlie age of reptiles many new shells and 
stone-lilies, etc., first ap)>eared in the waters; but they 
were not sufficiently unlike those that had already 
come and those that followed after to require descrip- 
tion here. 

The character of the forests, too, was changing all 
the while from what it had been in the coal-making 
period. The great club mosses with their carven stenm^ 
and the huge, feathery-leavetl reeds, were passing away. 
The ferns still grew in great profusion ; both the loi 
and creeping kinds and the tree-ferns filled the woods, 
but other trees and plants, like our evergreens andl 
palms, took the place of vanishing kinds. These, too, 
made coal-l«dB, though not such vast ones as were 
stored away during the reign of plants. 

It must be understood that the whole world, Europe 
and America and Australia, had each its history, when 
the reign of water and &re ajid ice, of plaata aaui 
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mals, follo\veii each other very much in the same way, 
but not at the same time. Eurojje is an older country 
than America, and America is older than Australia, in 
other things besides those about which our written 
histories tell us. The animals and plants of America 
when it was first discovered were like those of Europe 
in a time much earlier. AustraUa had animals and 
plants that corresponded with an age still earlier than 
those of America. Some of the curious biixls and ani- 
mals of Australia help us to understand the meaning 
of the singular skeletons dug out of the rocks in Eu- 
ropean countries. 

In the history of each country, after man came 
upon the earth, we see something like this. When 
Home was in its later days, England was full of bar- 
barians ; and England was an old country, in her tuni, 
when America was still barbarous. Just as man's 
"work in the world — his diggings and minings and 
quarryings— changes the order of nature in the layers 
of the earth, so his moving in and taking possession 
of the new countries changes the order of things there 
too, and interferes with the regular succession of creat- 
ures which would have foUowefesge kind succeeding 
ither till all was co^iplete. 




CHAPTER XIX. 
THE BOTTOM OF THE SEA. 

AiJouT three-quarters of our world is under water. 
This we all know ver}'^ well, if we have not grown so 
old or so wise as to have forgotten our geography. 
Wo are apt to think of this vast expanse of ocean as 
having ver}^ few inhabitants ; in fact, as being a sort 
of watery great desert, with fish passing through it, 
something as the caravans pass over Sahara. It is 
chiefly important to us as the path- way over which 
steamships and sailing-vessels go, carrying passengers 
and exchanging the products of one country for those 
of others. 

But the ocean is even more than the land teeming 
with life. Not only are its waters full of darting fish, 
but there is a silent life filling the sea-bottom, and do- 
ing more towards building it up than all the larger 
creatures above. And so it was in the past ages, only 
more truly so. Large as the ocean is now, it was far 
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larger then. The Atlantic waves as they swept west- 
ward did not break mxin the coast of the British Isl- 
ands, for England, Ireland, and Scotland were deep 
down under water. The inhabitants of the British 
Isles in that day were principally little shell-fish, so 
tiny that you could not have seen what they were 
with your unaided eye. As each generation of these 
little creatures died, these shells, some of glass and 
others of a limy or chalky substance, beautifully 
formed and delicately carved, dropjied to the bottom, 
and so built up the earth. There was nobody around 
then with his magnifyiug-glass to look at the curious 
earth as it was forming, but it has been aaved for us 
in one of the great layers of earth called " the chalk." 
Huch of England was built up in this way by the 
dropping of myriads of sheila when the little life that 
had animated it went out. At the end of the English 
chalk period Great Britain and more besides were 
lifted bodily above the waters, and then the waves 
went to work to carve England, with all her bays and 
inlets, out of the great stretch of uplifted land. The 
Strait of Dover was cut through, leaving the edges 
of the chalk layer standing up, white and tall, facing 
water. 




These chalk cliffs gave the poetical name of Albion,! 
OP the white, to England ; and these were the shores I 
to which the men of Tyre and Sidon came in their I 
ships to gather the tin found in the southern counties J 
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i.of England, and carry it 
away to their own land, 
long before our Lord was 
Ibom in Bethlehem. 

Though England w as no 
longer receiving new li\ 
of shells the <Hinie 
bing went on and is ^ j- 
Dg on to da^ m pui 
(ons of the Atlantic 
cean. The difference 
ft ween the chalk formed 
igo and that fo rming now 








so many millions of years 
you can see by looking at 
Figure 74, from the Eng- 
lish clialk-beds, and then 
comparing it with Figure 
75, from the bottom of 
the Atlantic to-day. 

Very little was known 
of the great oceans before 
the days of Columbus and 
the other voyagers of his 
time. All the sailing done 
before that was in inland 
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se^s like the Mediterranean, or along the shores. And 
people imagined that down in the depths the cold and 
darkiiess and tremendous weight of the water would 
prevent anything from Uviug there, A few e,xamin^ 
tions were made, it is true, in a part of the Mediter- 
ninean near Greece, and no life being found there, 
tliat settled the question for a while. 

But just thirty years ago men of science found cKS- 
ciision to change theu- minds upon this point. A tel- 
egraphic cable which had been lying in deep water 
{the exact depth was known) was broken. In order 
to mend it the cable bad to be drawn up out of the 
water. Wlien tins was done, thousands of tiny living 
creatures were found on the wire. Not loose, as 
though they had been caught on the cable as it was 
dragged up through the waters, but closely cemented 
to it, showing that they had hved where the wire was 
lying in the depths of the sea. 

As soon as the fact was known that there was hfe 
in the seardepths a great interest was aroused. Ships 
were fitted up with all sorts of dredges and scoops and 
nets to catch the delicate creatures living down deep 
in the water, and to bring up the soil from the bottom 
so gently that its inhabitants would not be killed. 
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Day by day the formation of chalk, as it is going on 
now at the searbottom, was watched and recorded, 

Nowhere else do we find a link that binds our 
world of to-day so closely with the far distant past 
as just here. The higher the form of life, the more 
easily does it change and develop. We find in the 
mud from the Atlantic bottom living creatures whose 
sheUs are very much the same as those which millions 
of years ago built up the English chalk. These are 
almost unchanged, while above them all the wonder- 
ful panorama of hfe has passed unnoticed. The strange 
fish and monstrous reptiles and curious reptilian birds 
have all passed and vanished utterly from the earth, 
the water and the air knowing them no more. 

The reason of this is clear. All life depends much 
on its surroundings : if they remain the same, the 
forms of life usually do not change much. (Jn land 
and on the surface of the water the surroundings con- 
stantly vary. Heat and cold, moisture and drought 
and plant life, have ciianged, and the animal life has 
changett witli them, but in the depths of the sea there 
has been only one marked change — the waters have 
been slowly cooling off, and so the changes have been 
it and gradual. Everytiiing else remaining the 
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same, we ought not to expect, and we do not fin^ 
any violent change in the forms of deep-sea life. Tl 
geologic period of the Atlantic depths is therefore m 
far from that of the British Isles some millions i 
j'ears ago. 

It perhaps seenia lite going backward instead < 
forward when we take up the study of these tinj 
simple forms of life, after tbe mighty reptiles tha 
have ruled with a rod of iron th( 
ivoild of waters. But we are go 
mg ujiward through the layers o 
rock and after the coal-fields aoi 
tlie rocks that contain the foofi 
prmtb and bones of the reptilflg 
come these beds made of tin] 
ghss ind chalky shells. The p 
Fron.L)d. H.neuis T gou uf this is that great tracts fl 
lind s ink under the sea, and on 
it settled mjii uK of the chalk shells, forming a 
layer. These little creatures had been living from t 
earliest ages. Indeed, tbe Eozi'mi^—iWe dawD-animal" 
the earliest form we know— was cousin to I 
shells, which you may see in the illustration callsi 
English Chalk. 




Fig. 76 — Eciimng (Foss 1 



The Bottom, of the Sea. 



205 




Though these tiny shell- 
ifish made so much of the 
:land at that time as to give 
a name to the period, the 
chalk, there were existing at 
the same time a great many 
other forms of life. Sea^ 
■urchins abounded (Fig. 76), ^''^- "-'^"""■^ "^ ^^"^'-'^ 
■and corals (Fig. 77), and oth- " i,„'ig,i'iflad. 

ser Sbell-fish (Fig. 7S), also Frc.mL;tll'-"Klemei,:a.ifGeiiU)gi." 

other foims, 

called glass sponges, living with shell-fish 

cis the}' do now. 

In the depths of the Philippine seas, 

no irly three-quarters of a mile straight 

iloH n, hve the most beautiful of the glass 

-.jTonges nowadays. They are almost the 

most beautiful of all 

nature's w^orks — long 

curved cornucopias 

made of the finest 

spun glass woven into 

a square-meshed 

Around tli6 WsWi. 




tn mto ■ 
1 lace. I 



short frills of tiolicate lace, while the small end ot 
horn is enclosed in a tuft of the silvery hair. This 
beautiful thing is second-cousin to our commoa 
drudge of a sponge, and nearer still to the glass 
sponges among the chalk (Fig. 79). "Whenever yon 
are in a museum, ask to see the Te- 
nus's Flower-pot, for that is the name 
of this particular kind of a glass 
sponge. 

While the earth was being slowly 
built up by these beautiful beings un- 
der the sea, you may be sure the land 
was not empty. Enormous lizard-like 
creatures wandered over the shores 
or slipped heavily into the water. 
Great flying lizards beat the air as 
Fig. 79.— Stosoe of they rushed downward from some 
1 Chalk. high tree or lofty rock. There were 

ofoeoingy." fifty dmerent kmds of mimense 
I snake-like creatures, some of them 

J eighty feet long. The reign of reptiles was drawing 
} to a close, but it was not over. There are on the 
' earth now only six large kinds of reptiles, and these 
not over tweuty-five feet in length. 
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There were still very few beings above the reptile 
class, but the highest forms were beginning to be shad- 
owed forth by a class, the lowest of the quadrupeds, 
tiO which the kangaroo and opossum of our time be- 
long. These creatures have a pouch in which the un- 
formed young are kept till they are fully developed. 

The climate must have been warm all over the 
earth. The plants and animals that existed in all 
parts of the world in those days live only in the hot- 
teat countries now. The forests through which the 
reptile monsters roamed were made up of tree-ferns 
and palms, in tlio island of Spitzbergen, where there 
is now perpetual ice and snow. 

At the end of this period a great change took place 
in the New World, North and South America had 
been up to this time two islands, widely separated. 
By an uplifting of the western part of the two islands 
the land that connected them under the sea was raised 
above water, and the continent of America was bom 
out of the sea. This was the age of continent and 
mountain making. A niai> of America before this 
upheaval, and one afterwards, do not look as though 
they were made to represent the same world, they 
>ftFe 8o very different. 



CHAPTER XX. 
BIRDS OF THE PAST. 

One period in the building up of the earth we hare 

callet.! the Reign of the Fishes, for two reasons : first, 
because the greatest and most terrible of living creat- 
ures were of the fish trilie ; second, because the 
were at that time the highest kind of animal hving. 
Another and a later period was for the same reason 
called the Keign of Reptiles. Other and lower creat- 
ures lived in great multitudes, but the reptiles were 
the mightiest. 

Birds lived in geologic times, too, quite as wonderful 
and monstrous as either fish or reptile, but there 
no one time that could be correctly called the age of 
birds. They never had a distinct reign of their own. 

This seems a little strange, for there is no class of 
living creatures that seems so entirely distinct and 
separate from the rest of the animal world as bi 
They have so many peculiarities all to themselves 
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their horny bills and feathers and wings, their power 
of flight and of song, seem to set them apart from 
other living beings. And so we might very natunUiy 
expect to find in the past a reign of birds. 

Ton remember that the arrangement that was given 
to the different kinds of living creatures by natural- 
ists, beginning at the simplest kind of life and going 
gradually up, was found, when geology began to be 
studied, to correspond very nearly with the order of 
animal life found in tbe rocks, beginning at the lowest ; 
that is, men studying the works of God, and arranging 
them in classes, followed almost the same order that 
God had followed in creating them. 

But there was one point where the order of science 
was found to be different from the onler of nature. 
Men put birds next after reptiles, while in the rocks 
they were found to be side by side. This looks as if 
there must be a mistake somewhere. But there is no 
mistake; in this seeming difference is hidden a won- 
derful natural truth. Birds, as we know them now, 
seem quite as far removed from reptiles as they are 
■from fish or from quadrupeds; but this is only seem- 
ing. Binis are, as a matter of fact, only one great 
ot the reptile family ; but they have been s 
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[ arated so many millions of years that the family like- 
ness is not very strong. Tbat they once belonged to 
the same family, geology, more than 
iinjthing else, tells ua. 

Don't you remember, in Chapter 
XVII., the Reign of Reptiles, the cu- 
footprints that were sometimes 
taken for bird-tracks and sometimes 
for the tracks of 
reptiles? Well, they 
were made by creat- 
ures that had a good 
deal of both bird 
and reptile in them. 
Their footprints told 
the tale. In Figure 
) you see the out- 
line of one of these 
queer bird-like rep- 
tiles, and there were many others, as well as reptile- 
like birds. 

The manner in which such tracks were preserved in 

the sand, and retained when it was baked and pressed 

I into stone, ia very easy to understand. Where the 




Fig. 80.— 



i 
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tracks are found was a shallow inland sea, connected 
with the ocean by a narrow strip of vt-ater. The tides 
flowed in, deposited the sand that they had swept up 
with them, and then flowed out, leaving a coating of 
wet, smooth sand behind. This is shown in aeveral 
ways. Slabs of sandstone are often found, as we have 
seen, with ripple marks as perfectly distinct as if it 
were moist sand that the water had washed an hour 
before. 

On the wet sand of the shore many strange creat- 
ures, reptiles and birds especially, came in search of 
food cast up by the tide. They left distinct tracks in 
the sand, which caked in drying. The next tide would 
bring in more sand and spread it over these tracks, 
and this would happen again and again. "When it all 
hardened and became stone, the footprints and ripples 
and rain-drops would remain unchanged ; and when 
the sandstone was, ages and ages afterwards, broken 
with the pick, it would naturally split between the 
layers, and show the marks. 

The first bird found in the rocks is a most wonderful 

creature. Near Munich, in Bavaria, there is a quarry 

of stone which is quite celebrated because the chalky 

1 a3ate taken out of it is used for lithographic engrav- 
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ings and chromos, and is perlmps tlie best in the world 
for that purpose. Slate, yoii know, splits in thin lay- 
era; this is partly because it was laid down by the 




water, layer on layer, and partly also because it has 
been subjected to enormous pressure, and it splits in 
one direction, jnst as pie-crust does from the pressure 
of the rolling-pin. 



Sird^ of the Past. 213 

lu between two layers of this slate, about thirty 
years ago, a single but jierfect feather was found (Fig. 
81, A) ; this is the ftret trace of the earliest bird known. 
Soon another specimen was found ; this was the hinder 
parts of a very strange creature, with tail feathers 
growing out of each side of a reptile-like tail. Figure 




rS^. 
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81, B, is the tail of tlie bird of the slate ; C shows the 
tail of the birds we have now. You see how differ- 
ently the feathers are attached. Some years later a 
slab of this same stone was found. A blow of the 
hammer and it fell open, showing, after careful work- 
ing, bones, wings, tail, and head, which you see in Fig- 
ure y3 just in the ^losition in which they lay. 

Several attempts have l>een made to draw the ani- 
mal or bird to which this skeleton belonged. Figure 
83 is one of these, and if you compare part by part 
you wiU see iiow closely tlie skeleton is followed. 
There is nothing to indicate that this curious creature 
had any feathers on its body. This is about as far 
from our idea of a bird aa anything could well be, ] 
apart from its feathers and its legs. Notice the claws 
on the ends of the wings, its lizard-like head, arras, 
and teeth. 

America has ad{led of late years a large number of 
reptile-like birds. They come mainly from New Jer- 
sey and Kansas. Among them are waders, swimmers, 
and divere. Some of them were evidently flying birds, 
for they have the keel down the breastbone, which 
sustains the muscles of the wings. This keel you have 
oftea seen when the white meat is out from a ohickfia 
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or turkey. Others, like the ostrich, which do not fly, 
but assist themselves with their small wings in run- 
ning, have no keel. Six kinds of the American rep- 
tile-birds have teeth, a thing no living bird has nowa- 
days. Tlie two great branches of the reptile family 
were not then disentangled and sejiarated from each 
other ; so that the birds still had some things left from 
their reptile forefathers, and the reptiles had not lost 
certain other things which afterwards disappeared in 
their branch, but ^vere kept and developed by the birds. 
There are very few bird skeletons in the rocks — 
few even when compared with the bones of fish and 
reptiles. The reason of this is not far to seek. In our 
own times, when the woods are full of birds, many 
thousands must of course die every year, and yet who 
ever sees a bird skeleton after the feathers and flesh 
are gone 3 A large part of the bones of animals are 
gnawed by other creatures, broken up, or decayed, 
and so blow away and are lost. "What is true of all 
wild creatures is especially true of bii-ds. If they fall 
on land, they fare like everything else; but if they fall 
in the water, instead of sinking and being covered over, 
their feathers buoy them up, and keep them afloat till 
are bea ten about and destroved. It was o nly 




lone bird probablv in manv hundreds of thousands 
[ that fell m the right place on the sand or mud at the 
[ waters edge neai enough to be co\eied by the nest 
' tide but not neir enough to be washed away ; so we 
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so many of these del- 
icate creatures in the 
rocks. As time went 
on, the birds lost 
more and more of 
their reptile features, 
and became gradual- 
ly like the hinls we 
1 now know, while the 
I reptiles lost their bird-like qualities — all bnt the lay- 
ting of eggs, wliieli both do now. 

Although there is no time tliat could properly be 
Koalled the reign of birds, there is one place that, when 
lit waa discovered by Europeans, might have received 
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justly the title of the Bird Kingdom : this is the island 

of New Zealand, near Australia, When it was first 

visited by white men not a single four-footed 1 

was found upon it, large or small. The highest form 

of life was the bird ; and there were multitudes of 

' these, closely allied to the birds of geology, with nei- 

r tlier wings nor tails (Fig. S4) ; and great quantities of 

' bird skeletons of gigantic size, some of them twelve or 

I fourteen feet high. There are numbers of these s 

I etons at the Museum of Natural History, Eighty-sec- 

Lond Street and Ninth Avenue, New York ; also a 

b which would contain as much as one hundred and fifty 

ben'3 eggs. 




CHAPTER XXI. 
THE REIGN OF LAND MONSTERS. 

You remember, I hope, that the four-footed creat- 
ures had begun to come some time ago, when the 
chalk and limestone were forming at the bottom of 
the sea ; but they were of a peculiar kind, like the 
kangaroo and opossum. These creatures are called 
marsupials, from a Latin word meaning bag or pouch, 
because the mother has on her body a sort of pocket 
or poucli^ in which her tiny babies are put, and there 
they live till they open their eyes, and are strong 
enough to walk about alone. 

One of the very largest land animals the world has 
ever known, it is believed from a bone lately found, 
belonged to the pouched animals. It was much larger 
than any living elephant, though looking like one, 
with great trunk and tusks (Fig. 85). It was related 
to other creatures that you have probably seen in a 
menagerie, the rhinoceros and tapir as weU as the ele- 
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phant. One curious thing about the animals of these 
long-past (lays is that they are not like any of the tiv- 
ing forma, but are connecting Unks between, different 
kinds. 




Fig. 85. 



The great four-footed beasts and the small ones are 
called mamtnals, because their young hve upon, moth- 
er's milk. Besides the land animals there are other 
mammals — whales and dolphins, seals and hats. The 
lowest order of the mammals are tbe marsupials, so 
they naturally were the first in the order of creation. 

About a century ago Australia was scarcely known. 
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When it began to be settled by white men they found 
living in it very singular plants and animals, unlike 
tbo&e known in Europe. Very nearly at the same 
time that travellers were describing tlte curious life in 
Australia, geologists wei-e studying the bones of very 
queer animals wliieh had been dug up out of the 
earth ; and it was discovered that Australian life was 
very much more like that which had been in Europe, 
thousands ujion thousands of years before man came 
upon earth, tliau it was like anything then existing in 
the known \vorld. In Australia there was not a sin- 
gle mammal higher than a marsupial, not a rat, nor a 
mouse, nor a rabbit ; notliing but kangaroos and opos- 
sums and sncli creatures. It was, in fact, a young 
earth, not yet grown up ; it had only reached the 
marsupial stage. America is young in the same sense, 
but not so young as Australia, while New Zealand is 
the youngest of the three. It has only gmwn up to 
the bml age. Of course, when these countries came 
to be settled by white people, plants and animals from 
Europe were introduced, and the changes which would 
have taken perhaps millions of years if left to natural 
causes were in this way greatly hurried. 
The knowledge which went deeper into the earth, 
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geology, and the knowledge which spread wider over 
its surface, natural history, thus were found to coufirm 
and explain each other. 

I remember reading a long time ago, but I have ■ 
never been able to find it since, that a singular bone 
found in the earth was taken to Richard Owen, the 
man who perhaps knew more about bones than any 
man of his day. After studying it carefully he said 
it belonged to a bird without wings or tail. In spite 
of his friends' advice to keep this quiet, as being prob- 
ably incorrect, lie published his views. These were 
soon after confirmetl by the finding of a wingless, tail- 
leES bird in New Zealand. Tliis is a good example of 
scientific guessing. 

As we approach the coming of man upon the earth, 
we find all nature beginning to put on tlio look so fa- 
miliar to us. The forests were made up of trees very 
like those we now know — -oaks and elms, walnuts and 
birches, intersiiersed with pines and firs, yews and 
cypresses. The fields were covered with grass and 
flowers. On the surfaces of quiet jwnds the water- 
lilies spread their broad leaves and opened their fra- 
grant flower-cups, while underneatli could be seen the 
I dtJieate fronds and thread-like leaves of water-planta,,, 
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swaying lia^k and forth with every gentle movement 
of the water. Mosses iind liverworts clothed the damp 
rocks with a garment of hving green. The trees and 
flowers of that day did 
not, in many cases, dif- 
fer from ours ; more 
than one kind of mar 
pie, for instance, differs 
from another (Fig, 86). 
The most interesting 
thing in the plant life 
of that day is the proof 
it gives of difference of 
climate from that which 
exists in the same parts of the world now. Mingled 
with the oaks and birches of our zone are great 
palms and tree-ferns, which now grow only in very 
hot countries. The cypresses and magnolias that to- 
day grow in the swampE of Carolina and Louisiana 
then grew in Greenland. There is strong reason to 
believe that America was joined with Europe on the 
east by way of Greenland, Iceland, and Norway, and 
that at the same time it was joined with Asia on the 
west tioross Behring Strait. 
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Among the shell-fish, oysters grew in great abun- 
dance and to great size, and the rivers were filled with 
eatable fish, shad and perch. 

One very wonderful thing in that time was the 
myriads of insects that flUcd the earth and air. It 
would seem impossible that so delicate a thing as an 
insect could be kept in the 
rocks all these thousands of 
years in such a state that it 
could be recognized (Figs. 87 
and 88), and yet this is true, 
not of one, but of hundreds 
of varieties. Uncounted mill- 
ions of insects of various kinds 
perished, and are found ])acked 
in solid layers in the rocks. 
How this happened we may 

eueas from soraethinff that „. „_ ^"^ 
^ ° Fig. 8T. — Insect foond is 

Professor Le Conte tells us. kock. 

He says that he has seen, af- FrumLjeira-'EiBmeiitsofOeDi- 
ter a storm, on the sands that 

border Lake Superior, millions of insects that had 
been drowned and washed ashore, till the banks were 
ik with them. A layer of sand, washed up by 
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tlifi Ix-ating waves, and depostteil on top of these, 
woiiM pri'serve them, as the insects of old were pre- 

SiTVl'd. 




In the whole of Europe there are now only fifty 
species of ants known, but in a layer of rock in Switz- 
erland one hundred species have been found, and these 
were all winged ants. In a colony of ants of our day 
there are at least three kinds of ants — males, females, 
and workers. The males and females have wings at 
first and the workers do not. Wlien they settle down 
into nest life the males are left out; the females, or 
queens, unhook their wings, and become good mothers 
and home-keepers. The workers attend to the yi 
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the nest clean, and do all the work. But with 
the geologic ants all tlie members of the colony had 
mngs. They probably lived a savage life of freedom, 
and were as improvident as the grasshoppers and but- 
terflies of to-day. 

The most perfect specimens we have are those flies 
and moths which were enclosed in amber. Amber is 
only fossil-tree gum. You have often seen a clear, 
sticky gum oozing out of cherry and peach trees. If 
you notice next summer you will very likely see some 
nnfortnnate insects that have alighted on the sticky 
stuff and are caught fast. The next gum that oozes 
out may roll over the poor little victim and enclose it. 
As long as the amber lasts, the insect enclosed will re- 
main unchanged. Most of the fossil insects in amber 
are perfect, except their legs, which have been broken 
in the struggle to fi'ee themselves. 

Enormous monsters roamed through the woods. 
^heir habits, however, were geueraily less alarming 
lihan their looks, for most of them were herb-eating 
ifmimals. Great sloths as large as an elephant, with 
terrible paws (Figs. 3D and 90) and gigantic tails, tore 
•down the branches of trees or dug up eatable roots. 
teiinB of these animals were small compared to 
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those of the same families nowadays, thoagli the ani- 
mals themselves were so much larger. There were, to 
be sure, some lions, tigers, and wolves roaming about 
in search of prey, but most of the animals were herb- 
eating, as are the 
largest of the 
beasts of the pres- 
c[\t day. 
Among the quad- 
rupeds we see the 
same approach to 
living forms. The 
forefathers of the 
horse, deer, ante- 
lope, elephant, rhi- 
noceros, and ta- 
pir appear. The 
strange reptilian 
birds are gone, 
and in their places 
swallows are building in the crevices of the rocks; 
song-birds fill the forests with their happy voices; 
parrots call from one tree to be answered from an- 
other; oraJies and flamingoes wade in the shallow Wft-' 
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ter, seeking their food ; sa.ncl-grouse and the ancestors 
of our domestic fowls scratch around witJi their broods. 
All nature is mating ready for man, who wQl appe 
in the nest period of the world as the crown of t 
Oreator'B work. 



CHAPTER XXII. 
THE COMIKG OF MAN. 

Thk last period that belongs to geology was the 
most remarkable in the history of the earth for the 
groat changes in the earth's crust, and in consequence 
of tliis, for its changes in climate. 

During the early part of this period, for some un- 
known reason, certain parts of the continents lifted 
themselves up till they stood one or two thousand feet 
liigluM* than they now stand. Later on, a sinking took 
place, which carried some parts of the continents as 
mucli as one thousand feet below where they are to- 
day, and after that they began again to rise till they 
reached very much their present level. 

These movements caused, of course, an enonnous 
alteration of climate, and the changes in vegetable 
and animal life wdiich accompany variation in cli- 
mate. There is still some movement going on ; some 
parts of America are rising, while other parts are 
slowly sinking. 
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The parts of America and Europe that rose were 
all towards the north. The mountain chains there 
and the high plains all became covered with a thick 
sheet of ice, which moved, like the glaciers of Switz- 
erland, to the lower land, grinding and wearing down 
the rocks over which they passed. 

You may very naturally ask, How can we know 
that this aU really happened? I ivant you to look 
back at the chapter on the work of the Ice -king. 
You will find there that all glaciers move, and as they 
move they take up pieces of broken rock in their way; 
these freeze into the under side of the moving ice, and 
scratch and score the bed-rock over which it passes, 
and polish off their own cornel's at the same time. 

Strewed all over the northern part of our continent, 
on the tops of the hills as well as in the bottoms of 
the valleys, is a surface soil from thirty to tliree liun- 
dred feet deep. This soil is made up of stones, gravel, 
sand, and earth, which, you remember, is pulverized 
rock. The stones are irregular, but rounded on the 
comers, scratched, and worn exactly like the stones 
that are found beyond the end of a glacier. If you 
flig you will find the stones becoming more worn 
wA ecratched aa you go down, and when you get to 
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the solid rock underneath it all, that tod is scored and 
{K>lished, all in one direction^ as only a heavy body 
passing over it and grinding it down could do. The 
very top stones are neither scratched nor rounded, 
only those that have rubbed against one another in ' 
the movement of the glacier, or scratched against the 
bottom rock. 

This is called the northern drift ; and the writing 
ui)on the wall that terrified Belshazzar so, but which 
Daniel so easily read, was no clearer than, the history 
of its progress which the long -vanished glacier has 
left written upon the rocks. If more proof were 
needed, it is here. These rocks lying loose mixed 
with the soil are not at all like the rock beneath. 
Sometimes, for instance, they will be blocks of gran- 
ite, when the nearest granite bed-rock is a hundred 
miles away. 

In the Southern States there is no such drift. The 
soil there is often mixed with stones, but they are 
neither scratched, nor scored, nor worn down, and 
they are usually exactly the same material as the rock 
underneath them. 

By carefully examining the drift bowlders we find 
that in New England they have come from the rocks 
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oi the far nortli-west ; in Ohio, from due north ; and 
in Iowa, from north-east ; ILat is, the glaciers, on the 
testimony of the rocks, stai'ted from the high lands of 
British America, and spreading out both east and 
west, moved downward and outward in a fan shape 
towards the south. The distance travelled over by 
this sheet of ice was in some places only a few miles ; 
in other places, some hundreds of miles. 

These glaciers were not exactly like the Swiss gla- 
ciers, for they are formed and move in a warm cli- 
mate, but they were like the glaciers of Greenland. 
This country, yon know from your geographies, is a 
great peninsula in the north-eastern part of America. 
It is twelve hundred miles long hj about five hundred 
miles wide ; the whole country is covered with a great 
ice sheet more than a mile thick. This sheet moves 
Bonthward and towards the sea, forced onward by the 
weight of snow and ice on the northern and high land 
part, which each winter's freeze makes heavier. The 
'$olid sheet only separates into distinct glaciers when 
it reaches tlie ocean. As these move off the coast, 
the waves wear them, and they finally break off, and 
.with a thundering noise go splashing into the sea and 
Boat away as icebera 
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Just so New England, Ohio, Illinois, Indiana, and 
Iowa were covered with a great ice sheet that moved 
southward, scouring and polishing the bed-rock, and 
tri>uging out lake -beds. From its southern margin 
the ice sheet "stretched out icy fingers" down the 
vjillevs of the Hudson, the Susquehanna, and other 
ri vol's, and passed away as icebergs when they reached 
the sea. 

After this came the time when the continents be- 
gan to sink. Down, down they went, so slowly that 
we cannot conceive of it as motion, till the land lay 
in places two or three thousand feet below where it 
had Ix^en in the ice period, and one thousand feet be- 
low the present level. The water, of course, rushed 
in, tilli]i<^ the \o\\ lands, and turning them into lakes 
and iidand seas. Above the drift there are plainly to 
be secMi old lake-margins and signs of flood proving 
this point. Euro])e had very much the same experi- 
ence as America in the rising and falling of certain 
parts of the continent. 

During this age there were immense numbers of 
nianinials. Their skeletons are to be found in old sea- 
beaches and lake - margins, where they were stranded 
and covered over with mud and sand ; in marshes and 
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bogs, where tliey had been mired when seeking for 
food, and preserved by tlie bog-water {Fig. 91); and 
in frozen ground and ice-baniis, where some of them 
have been preserved to the present century. 

Do you remember about the limestone caverns- 
great holes worn out in the midst of the rocks by the 
water \ Look back to Chapter III., at tha 
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picture of Luray, if you have for;gotten. These caves 

seem to have lieen the homes of myriads of animals at 

this time; hutiiiroils uf skeletons and bones are fouml 

in them — elephants and Ijears, elks, horses, and oxen, 

hyenas, lions, and tigers in a jumble, covered over with 

the stalagmites from the drippings of the eave. It is 

' generally supposed, from the gnawed state of some of 

i the bones, that these caves were the homes of the 

|l lions, bears, and hyenas, and that they dragged their 

prey in here to devour them. It may have been that 

others were washed in by the water which overlaid 

them in many eases with mud and sand. 

The animals found in bogs were almost always herb- 

' eating creatures, who evidently went there for food, 

and sank in and were drowned. 

The moat wonderful specimens which have been 
found belonging to this era were those that had been 
in some way enclosed in ice and frozen up, and have 
come down to modem times entire, not mere skeletons, 
but with flesh and skin, tusks and wool, all preserved. 
The creature so frozen up is called the hairy mammoth 
(Fig. 92), and this is the way he was found : 

In 179y an Asiatic chief, who used to collect the 
tasks found in the northern part of Siberia fof 




Fii;. 92.— The miBV 
Frum Wiacbell-a "Skelchee of Crei 



observed a queer dark mass in a block of ice. Each 
year on his liunts, as tiie ice broke away, he saw more 
and more of the body of a mammoth exposed ; final- 
ly, at the end of five years, the ice melted so mnch 
that the body rolled out upon a sand-bank below. The 
hunter cut off the tusks, which he sold for about forty 
dollarij. The animal was a mammoth, covered with 
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i 
reddisli wool and loDg coarse liair, and witli a heavy 
mane. Tlie flesh, after its burial in the ice for un- 
counte<l tliousnn<ls of years, was fresh enough for Ibe 
dogs to devour it ea^rly. When it was found by Mr. 
Adams, who knew the value of the creature as a speci- 
men, lie says that tlie ground around it was trampled 
by the wild beasts — white bears, wolves, and foxes— 
which had come to feed upon the flesh. Mr. Adams 
got the bones out of the ice, bought back the tusks, 
and brought the whole thing over seven thousand 
miles to Bt. Petersburg, wliere its skeleton now is. 
He says he collectetl more than thirty-six pounds of 
hair and wool, which had been trampled into the 
ground by the animals that came to feed on the flesh. 
The skin still remains on its head, and some of the 
mane on its neck. Other specimens have been found 
in the ico, but this one is the best preserved. 

The mastodon, another member of the elephant fam- 
ily, occurs in America. The mastodon was one of the 
two largest land animals ; it was fourteen feet high, 
and twenty-five feet long, including its tusks. Along 
with these mighty elephants and the cave animals 
man appeared upon the earth {Fig. {13). He may have 
oome eaxU^, but tJiat i^ not perfectly certain. la 
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caves human bones are mixed with those of the cave 
lion and bear ; together tiiey have been covered over 
and preserved. Stone implements, and piles of what 
are called kitchen-middens, also occur : these are refuse 
of food, piles of oyster-shells that have been opened, 
and other things that prove conclusively that they are 
the work of men. 

But the strongest proof of all that human beings 
lived at the same time as the cave animals and mam- 
moths is that in a cave in France several smooth pieces 
of bone, with rough pictures of the animals scratched 
upon them with some sharp-pointed instrument, have 
been found. In Figure 92 you see such a picture of 
the mammoth drawn by primeval or early man. 

This age I have caJled the Coming of Man, and 
not the Reign of Man. He has only appeared ujwn 
the scene, but he has not yet gained the mastery 
over the brutes; he is still a savage, with only the 
rudest and simplest arts, but he is a man — as truly a 
member of the human race as any who have come 
after him. But it is as the promise of the reign to 
come that he means anything, rather than that he is, 
for some time to come, to be fully established as^e 
lord of creation. '^ti^ 
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Bv JAMES D. DANA, LL.D. 



DANA'S GEOLOGICAL STORY BRIEFLY TOLD , $1.15 
A new and revised edition □( this popular text-book for 
beginners in the study, and for the general reader- Tbe book 
has been entirely rewritten, and improved by the addition of 
many new illustrations and interesting descriptions of the 
latest phases and discoveries of the science. In contents and 
dress it is an attractive yolume and well suited for young 
students. 

DANA'S REVISED TEXT-BOOK OF GEOLOGY . $1.10 
Fifth Edition, Revised and Enlarged. Edited by WiLLlAM 
North Rice, Ph.D., LL.D., I'rofessor of Geology in 
Wesleyan University. This is the standard test-book in 
geology for high school and elementary college work. While 
the general and distinctive features of tbe original work have 
been preserved, the book has been thoroughly revised, enlarged, 
and improved. 

DANA'S MANUAL OF GEOLOGY .... $5.00 
Fourth Revised Edition. This great work is a complete 
thesaurus of the principles, methods, and details of the science 
of geology in its varied branches, including the formation 
and metamorphism of rocks, physiography, orogeny, and 
epeirogeny, biologic evolution, and paleontology. It is not 
only a tent-book for the college student but a handbook for 
■he professional geologist. This last revision was performed 
almost exclusively by Dr. Dana himself, and may justly be 
regarded as the crowning work of a long and useful life. 



>ples sent, prepaid, sn TCieipl ef Ike ptii 

American Book Company 



Carpenter's Geographical Readers 

By frank G. carpenter 

North America 60 cents 

South America . . . . .60 cents 

Asia ....... 60 cents 

Europe 70 cents 

Australia, Our Colonies, and Other Islands 

of the Sea • . • . .60 cents 
Africa. (/// preparation,^ 

These new Geographical Readers are by far the most 
attractive and instructive books of their kind ever published. 
They are not mere compilations of other books or stories of 
imaginary travels, but they are the results of the author's 
actual journeys through the different countries, with personal 
observations of their native peoples, just as they are found 
to-day in their homes and at their work. These journeys and 
visits are described in such simple iand engaging manner as to 
make the books as entertaining as stories, while conveying in 
this attractive way, useful knowledge and information. While 
they are written in an easy, familiar style, and in language not 
above the comprehension of children, they are strictly accurate 
in every detail and statement. 

The books are well supplied with colored maps and illus- 
trations, the latter mostly reproductions from original photo- 
graphs taken by the author on the ground. They combine 
studies in geography with stories of travel and observation in 
a manner at once attractive and instructive. Their use in 
connection with the regular text-books on geography and 
history will impart a fresh and living interest to tttcir lessons. 

American Book Company 

A/£W YORK ♦ C\UC\UUkT\ * ^V.\C«kGO 

(S. 15) 



Noddy's Geographies 

Elementary Geography. Price 50 Cents 
Complete Geography. - - Price $1.00 



By H. JUSTIN RODDY, M.S. 

nt of Geography, First Pennsylvania Slate Karn 



THIS SERIES has been prepared to meet a distinct 
demand [or dew geographies which axe thoroughly up to date 
and adapted for general use in ordinary schools rather than 
for a particular use in a highly specialized and organized 
(deal system. 

They are distinctive in the following important particulars: 

I. An adequate amount of material is included in each 
book to meet the needs of those grades (or which it is 
designed. 

3. The subject-matter is presen 
pupil can readily understand it, and ; 
easily taught by the average teacher. 

3. Just enough physiography is included to develop the 
fundamental relations of geography and to animate and 
fresheJ the study without overloading it in this direction. 

4- The simplicity of the older methods of teaching this 
Bubjccl is combined with just so much of the modem scien- 
tific methods oE presentation as is thoroughly adapted to 
elementary grades. 

5. The illustrations are new and fresh, reproduced mostly 
from photographs collected from all parts of the world with a 
view to helping out and eiplaioing the test and not for mere 
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"arnes's New Histories 
of tlie United States 



BAKBES'S ELXHERTAHT HISI0R7 



BAUrSS'S SCHOOL HI3T0KT 07 THE VrtXEO STATES 



TIIKSE standard and popular histories have been thor- 
oughly moiiernized, both as lo appearance and eonlenls. 

They offer present-day views of history and methods of 
leaching. The lar, er book has been revised in every partic- 
ular, and the smaller one entirely rewritten by that charming 
and well-known writer for children, Dr. Jamrs Baldwin. 

The Elcmenlarj HlSlOrj tells the story of the country 
in a series of biographies of important men as recommended 
by the Committee of Fifteen. The incidents narrated show 
(he manners of the time, and the stories are all intensely inter' 
esting. The numerous illuslralions form an important aid to 
the understanding of the text. 

In the School HlSlory, while the fascinating literary 
style and the remarkably successful distinctive features of the 
original volume have been retained, greater prominence ha.s 
been given to industrial and social development. References 
for collateral reading have been inserted at frequent intervals, 
and many new maps and pictures introduced. 

iVriU/er illuslrnled dfscripiivt circular. 



AMERICAN BOOK COMPANY, Publishers 
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The Ideal Language Series 

Steps In English 

By A. C. McLean, A.M.. Principal of Luckcy 
Schools, Pittsburg ; Thomas C. Blaisdelt, A.M., 
Professor of English. Fifth Avenue Normal 
High School, Pittsburg; and John Morrow, 
Superintendent of Schools, Allegheny, Pa. 

BOOK I ■ $0.40 BOOK II ■ $0.60 



These books constitute a distinct innovation in teach- 
ing language in elementary schools, which is at once 
sensible, practical, and modern. They teach the child 
how to express his thoughts in his own language, and 
do not furnish an undue amount of grammar and rules. 
They mark out the work for the teacher in a clearly 
defined manner by telling him what to do and when to 
do it. From the start lessons in writing language are 
employed simultaneously with those in conversation ; and 
picture study, study of literary selections, and letter 
writing are presented at frequent intervals. The lessons 
are of a proper length, well arranged and well graded. 

This series is free from the many faults found in other 
books of a similar nature. The work is not based on an 
antiquated plan, but is particularly suited to modern con> 
ditions. It does not shoot over the heads of pupils, nor 
does it show a marked effort in writing down to the sup- 
posed level of young minds. The books do not contain 
too much technical grammar, nor are they filled with 
sentimental twaddle and gu^h. 

AMERICAN BOOK COMPANY 

NET yORK CINCTO^MV CV..VHsS^C> 
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By EMERSON E. WHITE, A.M.. LL.D. 
THE ART OF TEACHING 

Cloth. 321 fuMsa Prioe. SI.OO 

I'his new work in Pedagogy is a scientific and practical 
consiiieratiun of leaching ai an art. It presents in a iucid 
manner I he fundamental principles of leaching, and then 
applies them in generic and comprehensive methods. The 
aolbor considera most helpfully the various problems connected 
with teaching, including oral instruction, boolc study, clas^ 
instruction and management, examinations, promotion of 

ELEMENTS OF PEDAGOGY 

Cloth, 336 poaes Price. SI.OO 

This ireaiiBc, by unanimous verdicl of the teachers' pro- 
fession, has been accepted aa the leading standard authority 
on the subject. From its first publication It has met with the 
greatest favor, and its wide circulation ever since has been 
phenomenal. This popularity is directly attributable to the 
intrinsic value and merit of the book itself and the high 
reputation of its author, 

SCHOOL MANAGEMENT 

Cloth, 320 p&dea PlIOB, «1.00 

The first part of this work is devoted to school organiialion 
and discipline, and the second part to moral training. Prin- 
ciples are clearly stated and aptly illustrated by examples 
drawn largely from the author's own wide experience. The 
necessity for moral training, which, in the minds o( many, 
also involves religious instruction, will make the second part 
of this book a welcome contribution to pedagogical literature, 

AMERICAN BOOK COMPANY 
NEW YORK • CTOCn*NK.T\ • CYftCKCQ 
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